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1.0

INTRODUCTION

Numerous environmmental studies related to the proposed
Hat Creek thermal powerplant development have been conducted over
the past four years to define environmental conditions in the
region. Some of these studies have been continued to provide
more detailed background data. Those carried out during 1979
at the Hat Creek site include the following:

e meteorological, air quality, surface water and
ground water monitoring programmes to better define
existing conditions;

e leachate studies to assess long term characteristics of
leachate from waste coal materials;

e trace element studies to better define and document

existing natural levels in the region.

During 1977 a reclamation test programme was initiated
using waste materials from the Bulk Sample Programme. These
reclamation tests were designed to assess on a large scale the
revegetation potential of various coal waste and overburden
materials and to evaluate other variables pertinent to the
guccessful revegetation of these waste materials. The prepara-
tion of test plots and the initial planting was carried out in
1977. The success of the reclamation programme after ome year's
growth was assessed during 1978 and modifications were made to
improve the reclamation where necessary and to evaluate addition-
al variables. In 1979 the results of the reclamation test pro-
gramme were assessed and further improvements were made to the

test programme,
The exploration drilling programme which started in 1974

was completed in 1978 and reclamation of all the drill sites was
also completed in 1978. During 1979, the success of the drill
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site reclamation programme was evaluated.

This report presents the results of these environmental study
programmes carried out during 1979. Data from previous years are also

presented and compared to the 1979 results.



2.0

2.1

REVEGETATION PROGRAMMES

Introduction

Land disturbances at Hat (reek have resulted from
exploration drilling, access road development and from the
excavation of three test trenches. The exploration drilling
programme and conmstruction of access roads was initiated in
1974 and completed in 1978. The excavation of the test
trenches occurred during 1977 as part of the Bulk Sampie
Program. Reclamation of these disturbances was commenced
in 1974 and is continuing. Special revegetation test plots
were set up in 1977 using overburden and coal waste materials
obtained during the Bulk Sample Program. The locations of the
disturbed areas and the prepared test plots are shown in
Fig. 2-1, The 1979 revegetation programmes included the
following:

e Continued monitoring of the eight test plots at Aleece
Lake to evaluate a wide variety of vegetation species
potentially useful at Hat Creek iﬁ combination with
the various waste materials expected from mine and

powerplant.

® Monitoring of the slope test plots at Houth Meadows and
Medicine Creek to determine the revegetation potential
of different slopes.

e Monitoring of the 1977 Bulk Sample Program waste dumps
at Trenches A, B and C which were seeded and are being
used to gain data on different seeding methods, surface

treatments and maintenance fertilizer requirements,
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e Monitoring of revegetated drill sites.

This section summarises the procedures and the results
of these monitoring programmes which were carried out during
1979 to assess the progress of the various reclamation studies
at Hat Creek,

2.2 Soils Analyses and Fertilizer Additions

Introduction

During the 1977 Bulk Sample Programl, the waste materials
were analysed for nutrients and the results used to determine
fertilizer addition during initial seeding. Soil materials at
Aleece Lake, Hbuth Meadows and the slope test plots at Medicine
Creek were again sampled and analysed during April 1978. Based
on these results, maintenance fertilizer additions were made to
the Aleece Lake test plots2,

In March 1979, the waste materials being revegetated at
Hat Creek were sampled and analysed to further characterise the
soll properties. Maintenance fertilizer additions were made to
all areas and a S—-year programme was initiated to determine long-
term fertilizer requirements on waste materials at Trench A (baked
clay and gritstone), Trench B (gravel), Trench ¢ (bentonitic clay)
and Houth Meadows (colluvium).

A detailed assessment of all Hat Creek soils data, to
describe the waste materials and relate the soils properties to
the results of revegetation trials, was commenced in 1979 and
will be completed in 1980, The preliminary results of this

detailed assessment are summarised in this section,
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Methods

All samples were taken as described in the 1978
reportz. The soil was first loosemed to a depth of
approximately 20 cm with a shovel blade and sampled along
the untouched surface with a heavy plastic scoop. At
least four samples were taken from each soil material,
composited, thoroughly mixed, placed in plastic bags and
shipped to the Soil Testing Laboratory of the B.C. Department
of Agriculture (BCDA) in Kelowna, B.C. Following standard
goil analyses the samples were sent to the Ministry of the
Environment laboratory in Kelowna for further analyses.
Test methods used are as described in the report by Acres3
and by Black?,

Regults

Results of all tests on Hat Creek soils taken in
1977, 1978 and 1979 are shown on Table 2-1. The report from
the BCDA laboratory in Kelowna recommended fertilizer additioms,
based on the 1979 soils tests, to be applied for good growth of
a grass and legume crop. The amounts of fertilizers added to

the various test plots in 1979 are shown in Table 2-2,

Pertilizer was applied to all the Aleece Lake plots,
the slope test plots, the 3160 dump and coaly waste pile at
Trench A and the topsoil and subsoil piles at Trench B. In
addition to the fertilizer, the following three areas at
Trench A received applications of 1ime at the rate of 2242
kg/ha: a 15m x 15m plot on the coaly waste dump and plots
of 23m x 10m and 35m x 20m on the non-topsoiled portion of
the 3160 dump.
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RESULTS OF HAT CREEK SOILS ANALYSES
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~ Table 2-2
1979 FERTILIZER ADDITION RATES ON RECLAMATION TEST AREAS

Test Area Fertilizer Addition * (kg/ha)

11-48-0-0 § 46-0-0-0 | 0-0-62~0 } 0-0-0-21

Aleece Lake

Colluvium 47 62 0 . 0
Glacial.Gravel ‘ 47 62 0 0
Baked Clay 93 51 0 0
Gritstone 163 34 0 | 16.
Bentonitic'Clay ' ‘ 93 51 0 16
Coal Waste 47 - 62 0 0
_Carbonacecus Shale 93 51 0 0

~ Fly Ash : 42 23 84 0

Houth Meadows

Gravel Slopes 47 62 0 16

Parent Material 280 6 0 16

Medicine Creek

Till 47 62 0 16
Trench A
3160 g::g:naceous 47 62 o 0
3140' Baked Clay A7 62 0 16
3120' Gritstone 47 62 0 16
- Coaly Waste 117 - 45 ‘ 0 0
Trench B |
Gravel 140 - 40 0 | 16
Subsoil 140 40 0 16
Topsoil 93 50 0 16
Trench C | " | 16-20-0-0 '
"Bentonitic Clay . 112 34 0 16

* Numbers indicate percent by weight of N, P205, K20 and Boron
respectively.




2.3

2.3.1.

The remaining areas, the 3140 (baked clay) and 3120
(gritatone) dumps at Trench A, the large gravel dump at
Trench B, the colluvium parent material at the Houth Meadows
test area and the bentonitic clay dumps at Trench C, are
being used to study the leﬁgth of time that maintenance fert-
ilizer must be applied for the establishment of abundant self-
sustaining vegetation. These waste materials have been divided
into five sections of approximately equal area, as shown in
Figures 2-2, 2-3, 2-4, and 2-5. In 1979, segments numbered
1 at each location were not fertilized and the others received
the recommended fertilizer additions. In 1980, segments numbered
1l and 2 will not be fertilized and in 1981 segments 1,2, and 3
will not received fertilizer additions. This system would be
continued until 1984 when a detailed evaluation of revegetation

success will be undertaken.

Fertilizer additions were made using both cyclone
spreaders and a tractor mounted distributor. Applications were
made during the week of 14 May 1979,

Vegetation Surveys

Introduction

In the spring of 1977 a reclamation test programme was
initiated using waste materials from the Bulk Sample Programl.
The success of this work was assessed quantitatively during
19782 and additional remedisl measures were taken to improve
the reclamation where necessary. In June and September 1979,
additional envirommental studies and field programmes were

carried out to evaluate the contuing revegetation test programmes.
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This section summarises the results of the June and
September field studies and presents an assessment of the
success of the revegetation programme during 1979. These
field studies were carried out by Acres Consulting Services
Limited in conjunction with B.C. Hydro personnel.

2.3.2 Aleece Lake Test Plots

2.3.2.1 Vegetation Survey Methods -~ June 1979

The Aleece Lake test plots contain 46 populations:
three seed mixes on seven soil materials with two surface
treatments on each soil material, plus two seed mixes on
one s0il material with two surface treatments. These plots
are described in the 1978 Environmental Field Program reportz.
Each population was evaluated quantitatively by estimating
the total percent ground cover and the percent cover for each
of the seeded species by visual inspection. Weed species were
also identified and their percent cover was estimated. A
description of each plant species including flower development,
appearance and colour, was recorded. The overall success of
the revegetation of each population was rated on an arbitrary
scale of excellent, good, satisfactory and poor. In some
cases Intermediate classes designated by a + or - sign were
assigned. This overall qualitative rating considers the
appearance and visual condition of the vegetation (e.g. health,
colour, maturity) and the yield or productivity as estimated by

percent ground cover.

2.3.2.2 Results of Visual Growth Assessment -~ June 1979

The following results were found to be generally con-
sistent on all eight soil materials tested at Aleece Lake:



Seed Mix T

Natural reseeding of fall ryegrass was not successful
and only an occasional plant was observed. Clearly fall rye
geeds are more successful or vigorous when tilled under the
soil. However, foraging of the seeds by rodents and birds is
suspected of contributing to heavy losses of fall rye seeds.
The occasional fall rye plant may be the result of the germ-
ination of seeds planted in the fall of 19771, rather than

from natural reseeding.

Crested wheatgrass was the dominant vegetation species
on all test plots. It genmerally exhibited better performance
on the topsoil portions of the plots, especlally on the poorer
materials. The percentage of plants which indicated maturity

varied from plot to plot, much the same as after the first

year.

Canada bluegrass did not make a major appearance on
any of the materials. Present results showed no appreciable
increase in Canada bluegrass success and this would appear to

confirm the previous year's conclus:l.on2

that this species
should be rejected for further use at Hat Creek because of

very poor emergence success and growth,

Drylander alfalfa exhibited improved success on some
of the "better" soil materials and was typically absent on the
poorer materials such as coal waste and carbonaceous shale
where it 1s suspected that the high acid levels inhibited
germination. This effect was present even on the topsoil
treated portions probably because the plot was rototilled
before seeding.
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Seed Mix II

Slender wheatgrass appeared to be the dominant
species in Seed Mix II on all soil materials except baked
clay where sainfoin was more dominant. Slender wheatgrass
was more mature making it easier to identify than Russian
wild rye. This species exhibited improved growth on the
topsoil portions of the poorer materials.

Russian wild rye appeared less abundant on several
of the materials compared with its abundance in the initfal
year. It 13 suspected that the juvenile plants which were
relatively abundant in the summer of 1978 were not able to
maintain growth once the end of the seedling stage was

reached, Winter kill may also have been a factor.

Sainfoin generally exhibited improved performance in
the spring of 1979. Those plants which overwintered are now
beginning to mature and becoming well established. Sainfoin
produced excellent results on the baked clay, colluvium and
glacial gravels both with and without topsoil. The plants
were generally less eminent on the other soils but neverthe—
lesa indicate good overwintering potential and persistent
growth.

In the first summer after germination sainfoin was
found to be most productive on the fly ash plot with topsoil,
Examination of this same plot in the spring of 1979 indicated
no major improvement, and possibly even decreased productivity.
It is though that the topsoil initially promoted successful
germination but that once the roots penetrated through into
the fly ash growth was inhibited,

2-9
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Sweet clover exhibited similar results to those
which occurred in the first summer. This legume is less
successful than sainfoin but showed good results on the
better materials such as glacial gravels, baked clay and

colluvium.

Generally the legumes of all seed mixes showed
better performance on the perimeters of the plots where they
were better established in the first year and competition

from other species was reduced.

Seed Mix III

Streambank wheatgrass is the dominant species of
Seed Mix III on all eight materials at Aleece Lake. This
grass shows excellent overwintering success even on the
poorer materials such as carbonaceous shale and coal waste.
Although these materials generally exhibit unacceptable
reclamation success, this grass should improve the ground
cover in the long term since it can spread to new sites
by virtue of its vigorous, rhizominous rooting system.
Excellent results were displayed on the better soil materials.
Streambank wheatgrass is one of the better plant speciles
tested at Aleece Lake.

Smooth bromegrass indicated basically the same
general trends as streambank, although this grass was less
productive overall. The best results were on the gravels,
colluvium and baked clay materials while less vigorous pro-
duction occurred on the other materials. These observations
were essentially similar to those noted in the first year.
Smooth bromegrass is a highly recommended reclamation species
at Hat Creek,
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Double cut red clover exhibited similar trends to
those found in the initial year. It does not appear to be
a highly successful legume on even the better materials.,
The best results were obtained on the edges of plots of the
better materials, The reasons for this success of the
legumes (sweet clover and double cut red clover in particular)
around the perimeters of the plots are presumed to be the

result of reduced competition from the grasses.

Canada bluegrass (Rubens) was unsuccessful at the
Aleece Lake test plots. This specles was similar in perform-
ance to the common variety tested in Seed Mix I. Either the
seeds were not viable or suitable conditions for germination
never exiasted. Although not expected, it could develop later
if more favourable conditions for germination occur.

Wagte Materials as Growth Media

Essentially the same conditions prevailed in the
spring of 1979 as those after one year, although cover, for
the most part, has increased. The best vegetation growth
was exhibited on the glacial gravels, baked clay and collu-
vium. Moderate improvement in vegetation growth was observed
on the sandstone and bentonitic clay. Growth on the non-
topsoil portiona of the carbonmaceous shale, coal waste and
fly ash showed some improvement but continued to be unsatis-

factory.

Topsoil results in better, sustained vegetative growth
on the poor materials while there was basically no difference
in reclamation success between the topsil and bare portiomns

on the better materials.
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2.3.2.3

Invader Species

Surprisingly, weed species were substantially less
productive and less dominant compared to the previous year.
Most weed species tend to be both less abundant and exhibited
markedly less vigorous growth than last year. The agronomics
are beginning to demonstrate their effectiveness in sustained
and persistent growth on the test plots at Aleece Lake. The
weed species (mostly annuals) are now having to compete with
the well established agronomic species (perennials).

A summary of the overall success of the reclamation
effort on the eight materials at Aleece Lake as determined in

the June 1979 survey is given in Table 2-3.

Vegetation Assessment Method - September 1979

Each test plot at Aleece Lake was inspected and the
following data noted:

- the relative abundance of each seeded species
and the abundance of weeds;

- the total percent ground cover according to the
following scale:

1 = 0 to 252
2 = 26 to 50%
3 = 51 to 75%
4 = 76 to 1007%.
~ general cbservations on the maturity and condition

of the plants.
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Table 2-3

Summary of Overall Success of Reclamation
on Aleece Lake Test Plots

MATERIAL SEED MIX I SEED MIX II SEED MIX III
SURIFCIAL
Colluvium without topsoil excellent excellent excellent
with topsoil good+ excellent excellent
Baked Clay without topsoil good+ excellent excellent
with topsoil good+ excellent excellent
Glacial Gravels without topsoil good good excellent
with topsoil good+ excellent excellent
NON-SEAM WASTE .
Gritstone without topsoil good good satisfactory
with topsoil good excellent excellent
Bentonitic Clay without topsoil satisfactory | satisfactory | satisfactory
with topsoil satisfactory | satisfactory | satisfactory
SEAM WASTE
Coal Waste without topsoil poor poor satisfactory
with topsoil satisfactory | poor good+
Carbonaceous Shale without topsoil poort poor paor
with topsoil good satisfactory | satisfactory
ANTHROPOGENIC
Fly Ash without topsoil satisfactory | poor -
with topsoil good good+

Note: Rating includes consideration of degrée of cover, maturity of plants and
plant conditien.




2.3.2.4

In addition, the populations of each test plot were
ranked from 1 to 6 (fly ash 1 to 4) according to their overall
revegetation performance. The population ranked 1 was best
and that ranked 6 (4 on fly ash) the worst.

Results of Visual Growth Assessment -~ September 1979

Seed Mix I

Crested wheatgrass is the dominant species of Seed Mix
I on all eight test plots. This species has become quite well
established and generally provides good ground cover. It has
a high proportion of mature plants.

Alfalfa is the only other seeded species of Seed Mix
I that has become established at Aleece Lake. It is generally
most successful in those areas where competition from other
plants is reduced. In such areas the size of the alfalfa is
significantly increased.

The vegetation cover is usually leas for Seed Mix I because

it contains only one grass species that has become established
while both Seed Mix II and Seed Mix III have two grass species
that have become well established.

Seed Mix II

The grasses Russian wild rye and slender wheatgrass
appear to compete successfully with the legumes, particularly
sainfoin, in providing a good balance of grass/legume ground

cover.

Sweet clover is the least successful and more variable
of the species tested in Seed Mix II., Overall this legume was
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2.3.2.5

not highly successful (abundant) but in some areas the plants
had obtained excellent size. Since sweet clover is a biennial
it is suspected that this legume will largely die out. Est-
ablishment through natural reseeding is not expected to be

particularly successful.

Sainfoin is a highly successful legume which consist-
ently exhibited good results except in areas of excessive

grass ground cover.

Seed Mix III

Streambank wheatgrass and smooth bromegrass are both
successful grass species and appear to compete well with one
another. Streambank is generally the more abundant of the two
due to its ability to spread rapidly by rhizomes and form dense
ground cover. Smooth brome was less successful especially on

the poorer materials.

Double cut red clover has not been a successful legume,
exhibiting poorer performance than sweet clover. It is present
in limited quantities around the periphery of the plots where

competition from other species is absent.

Waste Materialas as Growth Media

Colluvium

After two growing seasons there was essentially no
perceptible difference in performance of the seed mixes between
the topsoll and non-topsoil portions of the pleot. The only
major difference between the topsoll areas and the non-topscil
areas was a greater abundance of native species on the topsoil
side.
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The colluvium plot had the greatest ground cover

of all the Aleece Lake plots. The vegetation consists almost
entirely of grasses which are forming a very demse mat over
the surface. The legumes sainfoin, alfalfa and sweet clover
are much reduced in abundance compared to other plots. In
the case of sainfoin there was a marked decrease in abundance

from the June 1979 evaluations.

The vegetation appears relatively healthy considering
the low moisture condition at Hat Creek. A high proportion of
the established vegetation is in the flowering or seeding stare.

Native species are present but not abundant.

Cover estimates for Seed Mix I are less than the other
two seed mixes. This is presumed to be due to a carry-over
from the excessive competition from the fall rye in the first

year.
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Colluvium

Population Rating Cover Index

Seed Mix TII w/o TS 1 A
gimilar

Seed Mix III w TS 2 4

Seed Mix II w/o TS Yo 3 4

Seed Mix ITL w TS Jdifference 4 4

Seed Mix I w/o TS 5 3
similar

Seed Mix I w TS 6 3

Glacial Gravels
The vegetation is healthy, mature and exhibits good

ground cover, Grass, mainly crested wheatgrass, is the dominant
vegetation on Seed Mix I. Seed Mix II exhibits a good balance
of grass and legume. As with the colluvium there is no major
difference in seed mix performance between the topsoil and non-~
topsoil. Grasses are also the dominant vegetation in Seed Mix
ITI. Double cut red clover exhibited its best performance (good

abundance) of all the test plots on the glacial gravels.

Native species are not particularly abundant on the
topsoil, however there were a number of large thistle plants
(around the edges in particular) on the glacial gravel plot
which are disseminating a very large amount of seed. Thistle
plants are very tolerant of harsh conditions and establish
very quickly. Should these seeds germinate it could cause a
gignificant reduction in the performance of the agronomic

species.

Glacial Gravel

Population Rating Cover Index
Seed Mix II w/o TS very 1 4
Seed Mix II w TS | similar 2 4
Seed Mix II1I w TS very 3 4
Seed Mix III w/o TS {similar 4 4
Seed Mix I w/o TS 5 3
very
Seed Mix I w TS{ similar 6 3
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Baked Clay
The results on the baked clay plot are basically

identical to those obtained on the glacial gravels with some
minor exceptions: Alfalfa showed greater abundance on both
topsoil and non-topsoil, and double cut red clover exhibited
poorer success on the baked clay., Vegetation is healthy,

mature and forms a good ground cover om both topsoil and non-

topsoil,

Baked Clay

Population Rating Cover Index
Seed Mix I! w/o TS 1

Seed Mix IT w Tg [ Similar

Seed Mix IIT w/o TS }
Seed Mix TII w T§ J Similar

Seed Mix I w/o TS
Seed Mix I w Ts j °rmilar

1< KT, B S TUR X
wow s B

Gritstone

Vegetation growth is substantlally better on the top-
soiled areas, where the ground cover is more uniform and the
condition of the vegetation is better. Generally the vegetation

on the gritstone plot is healthy and the plant maturity is good.

Sainfoin exhibits particularly good performance on the
non-topsoll areas of the plot where it is the dominant species.
Smooth brome is the dominant species of Seed Mix II on the non-
topsoil material. Weed species are moderately abundant on the

topsoil, especially orn the Seed Mix III topsoil.
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Gritstone

Population Rating Cover Index
Seed Mix IT w TS 1 3
Seed Mix III w TS 2 3
Seed Mix I w TS 3 2
Seed Mix II w/o TS 4 2
Seed Mix III w/o TS 5 2
Seed Mix I  w/o TS 6 2

Bentonitic Clay

Vegetation is consistently better on the topsoil
sides of the plot with all three seed mixes. The plants are
greater in size and more abundant than on the raw material.
Overall, there is not a high proportion of mature plants on
the bentonitic clay, and there is a significant amount of

chlorosis, especially on the raw material. Native species

invasion is low.
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Bentonitic Clay

Population Rating Cover Index

Seed Mix II w TS 1 3

Seed Mix I w TS i 2 3
similar

Seed Mix III w TS 3 3

Seed Mix III w/o TS 4 2

Seed Mix IT w/o TSk VX7 5 2
similar

Seed Mix I w/o TS 6 2

Coal Waste

Vegetation is better established on the topsoil side of
the plot for all seed mixes. Generally the plants are larger
and ground cover is much improved on the topsoil. Vegetation
does not appear to have been severely affected by the dry
summer and most plants appear relatively healthy, even on the

raw material.

Streambank wheatgrass exhibited striking success on the

non~topsoil material where the grass attained considerable size

and good abundance.




Coal Waste

Population Rating Cover Index
Seed Mix III w TS 1 3 (small plants)

Seed Mix I w TS
Seed Mix II w TS
Seed Mix III w/o TS
Seed Mix II w/o TS
Seed Mix I w/o TS

oo oW N
= = N

(large plants)

Carbonaceous Shale

This material had the poorest vegetation performance
of all waste materials tested. The non-topscil side of the
plot was essentially devoid of any growth except for the odd
patch of grass growing in a decpression, or where the vegetation
from the topsoil is encroaching onto the bare material. Seed
Mix II was completely bare of any growth. Vegetation performance
on the topsoil was much improved over the non-topscil but was
still unsatisfactory. The cover was not uniform, and the
plants exhibited poor maturity and health. Crested wheatgrass
exhibited the best success of any of the applied species. Weed

species were present but not abundant on the topsoil.

Carbonaceous Shale
Population ) Rating Cover Index

Seed Mix I w TS 1 2
Seed Mix IIT w TS 2 2
Seed Mix IT w TS 3 2
Seed Mix III w/o TS 4 1
Seed Mix I w/o TSy 77 = 5 1

6 1

Seed Mix II w/o TS

Fly Ash
Vegetation growth on the fly ash plot was poor. The

best results were seen on the topsoil sides of both seed mixes.
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Seed Mix II generally provided better ground cover than

Seed Mix I, except on the raw fly ash. Vegetation on the

fly ash was chlorotic and dried-out. Only the largest of

the legumes exhibit flowering. Vegetative cover on the non-
topsoil portions of the fly ash was patchy, especially with
Seed Mix II, where the ground cover was unsatisfactory. Native

species were not particularly abundant and were present only on

the topsoiled half of the plot.

Fly Ash

Population Rating Cover Index
Seed Mix II w TS L 3

Seed Mix T w TS 2 3

Seed Mix I  w/o TS 3 2

Seed Mix II w/o TS 4 1
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2.3.3 Sloped Test Plots

) !

The sloped test plots at Houth Meadows and Medicine

Creek were seeded in the fall of 1977 using a single seed mix,

SMI. A small area of parent material at the Houth Meadows

test area was seeded by harrow and the remaining areas were

|

hydro-seeded.

-
-

I

2.3.3.1 Vegetation Survey Methods - June 1979

Two 0.1lm2 quadrats were located randomly along the

L

upper and lower portions of each of the six sloped populations.

The total number of plants of each seeded species were recorded

for each of the quadrats. Weed species were counted and
identified. The total percent ground cover was determined.

The average plant heights and condition of the vegetation

r

were also recorded. The success of the revegetation of each
sloped population was then rated on a scale of excellent, good,
satisfactory, and poor, the same rating as that used to eval-

uate the Aleece Lake test plots.

2.3.3.2 Results of Visual Growth Assessment - June 1979

Houth Meadows

Basically there was no significant difference in the

NI NN BERE R

success of the reclamation on the three different slopes.

There was, however, a recognisable difference in the degree of
reclamation success between the non-topsoil and topsoil treated
portions of the slopes. On all three test slopes the vegetation
exhibited better productivity and ground cover on the non-topsoil
treated portions. These results can be attributed in part .to the
absence of weed competition on the bare material during the first
year. The addition of topsoil resulted in a substantial decrease

in the number of plants produced and their productivity. Although

[ N SR R N

D b
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invader species were not nearly as abundant as in the first
year, the effects of this competition have clearly affected

the seeded agronomic species.

Fall rye grass did not reseed at Houth Meadows, where
it was almost completely absent. The occasional fall rye grass
plant was observed, but it is suspected that their presence was
a result of germination of seeds of the initial seed mix rather

than from seeds dispersed from the plants themselves.

The major vegetation components on the sloped plots were
crested wheatgrass and alfalfa. Crested wheatgrass was more
abundant while the alfalfa was more productive in terms of total

biomass present.

Vegetation cover on the sloped plots was patchy, as
observed after the first year, due to an uneven dispersal of
the seed mixture. The loss of fall rye grass, and possibly some
winter kill of alfalfa, have resulted in slightly poorer ground
cover conditions compared to last year, especially on the top-
soil. Eventually the continual growth of agronomic species

should produce a more evenly distributed ground cover,
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It was not possible to detect any significant
difference in growth between the upper and lower portions
of the slopes. Theoretically the lower portions should
reflect better growth due to the increased water runoff,
however, this effect was not found to be consistent between

the slopes.

Examination of the slopes indicated that erosion

does not appear to be significant after two years.

Overall Success of Reclamation at Houth Meadows Test Plots

- June 1979
309 slope Topsoil - poor
309 slope Non-topsoil - satigfactory
269 slope Topsoil - poor
26° slope Non-topsoil =~ = satisfactoryt
22° glape Topsoil - poor
229 slope Non~topsoil - satisfactory+

The level areas at the base of the sloped plots at Houth
Meadows were also examined. The harrow-seeded section exhibited
poorer productivity than the hydro-seeded portion. This effect,
which is the exact oﬁposite of the first year results, can be
attributed to the loss of the fall rye, which was the dominant
species on the harrowed area last year. The harrowed area did,
however, show a good balance between grass and legume. On the
hydro-seeded area drylander alfalfa was present almost exclusively.
It exhibited excellent productivity likely due to the absence of
competition from fall rye (during the initial year) and peremnial

crested wheatgrass.
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Medicine Creek

The greatest productivity was observed on the 309 slope
where the plants are more abundant and larger. The individual
test plots exhibited fairly uniform vegetative coﬁer over the
entire length of the slopes, however, the drylander alfalfa

appeared to be more productive on the lower lewvels.

Crested wheatgrass, the dominant species on the test
plots, exhibited excellent results, while the alfalfa appeared
less vigorous. The fall rye grass, the dominant species in the
first year, was not present in the second year. The reasons for
the relatively poor productivity of the alfalfa, in comparison
to Houth Meadows, are not clear. One possible explanation would

be the competition from the crested wheatgrass..

Erosion does not appear to be a major concern at Medicine

Creek after two years.

There was evidence of substantial rodent populations at
Medicine Creek. Disturbance of the soil by the rodents, through
nesting cavities, may eventually lead to some localised erosion
problems. It is suspected that the rodents are alsc responsible
for some losses in plant productivity. Although the test area is
fenced, it appeared that some disturbance by deer and horses may

have occurred.

The revegetation at Medicine Creek were slightly better
than at the Houth Meadows test plots. The productivity of dry-
lander alfalfa at Medicine Creek was not as great while the veg-

etation cover was less patchy than at Houth Meadows.
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2.3.3.3

2.3.3.4

Overall Success of Revegetation at Medicine Creek Test Plots
- June 1979

229 glope - good
269 slope - good
309 slope - good

Overall, the June 1979 results at Medicine Creek indi-
cate that successful revegetation of dump faces comprised of
in situ till, with slopes up to 309, has been achieved in the
second year after initial seeding.

Vegetation Sampling Methods — September 1979

Plots were inspected visually and a qualitative assessment
of revegetation success was made. Examination of quadrats and

identification of agronomic and weed species was not carried out.

Results of Visual Growth Assessment — September 1979

Houth Meadows

The only major difference between the September and the
June assessments is that the vegetation is much drier, and con-
sequently browner, in the late summer, This can be attributed
to the extremely dry summer. This lack of moisture which was
evident in the condition of the vegetation on the test plots, was

also very evident in the native vegetation in the surrounding areas.
Based on the September 1979 visual assessments the follow-

ing statements can be made of the three test slopes at Houth

Meadows:
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The abundance of individual species, total cover, and
condition of vegetation at the three sloped test
plets showed consistently better results on the non-
topsoil sides of the slopes., Drylander alfalfa is
the dominant species on the non-topsoil slopes.
Crested wheatgrass is the major seeded species on

the topsoil sides of the slopes

Crested wheatgrass exhibited substantially more
browning than alfalfa. This may be, however, the

nature of the grass at this particular time of year.

The poor growth of agronomics on the topsoil is
thought to be related to the competitive effects

of native species which were extremely abundant.

Invader species were essentially insignificant in
terms of abundance and size on the non-topsoil

portions of the plots.

Vegetative cover was relatively uniform throughout

the slope of the plot.

Two areas of localised erosion were noted: at the

top of the 30° topsoil slope, and on the lower 1/3
portion of the 26° non-topsoil slope. This erosion

may be attributable to the heavy rainfall - 1 inch in

4 hours was recorded about two weeks before tﬂe
inspection. At the top of the 30° topsoil slope the
land is contoured to collect moisture and direct it

down the waste dump face. This caused the ercsion
channel on the 30° slope. Rodent disturbance (nesting
cavities are abundant throughout the area) may also have

contributed to the erosion.
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Medicine Creek
This test area exhibited slightly different results

from those observed at Houth Meadows:

- At Houth Meadows there was a better balance between
crested wheatgrass and alfalfa abundance whereas at
Medicine Creek crested wheatgrass was clearly the
more abundant. The alfalfa plants present at Medicine

Creek were generally very small,

- The ground cover was much more uniform, and the veg-

etation appears to be less dry at Medicine Creek.

- Weed species were not numerous at Medicine Creek.

- Erosion, other than that caused by rodent nesting,

was not apparent on any of thre three slopes.

2.3.4 Bulk Sample Program Waste Dumps

Waste materials extracted from Trench A were dumped to
form three benches at elevations of 3120' (gritstone), 3140'
(baked clay) and 3160' (carbonaceous shale). At Trench B the
topsoil, subsoil and gravel were stockpiled separately. At
Trench C the waste material, bentonitic clay, was dumped in three
waste dumps adjacent to the trench. These areas are described
in the Bulk Sample Program Reportl and the 1978 Environmental
Field Programs Reportz.

Revegetation of these areas was commenced in 1977 at
Trench A and Trench B and in 1978 at Trench C. 1In 1978, portions
of the waste dumps at Trench A were reseeded in areas where the

1977 work was not successful.

2-29



- i
~ -t

ey
-~

£

Lo -

“
-

L

._,
—

L.

L= L

-
-

" el

2.3.4.1

2.3.4.2

Vegetation Sampling Method - June 1979

Revegetation success was assessed qualitatively. Plant
species were identified and their average plant height and con-

dition of health were noted.

Results of Visual Growth Assessment - June 1979

Trench A

3160" Dump Surface

The best germination success from the 1978 seeding
occurred 1in the furrowed area to the north end of the dump
where the moisture was clearly better retained. Germination
was disappointing on the topsociled portion of the dump.
Although germination success among seed mixes was very similar
the potential for good ground cover did not appear good. Veg-
etation was absent on the non-topsoil, non-furrowed portion of

the dump.

3160' Dump Face

Vegetation success on the dump face had comsiderably
improved in comparison to the first year results. Crested
wheatgrass exhibited excellent growth and maturity. Alfalfa
was very abundant but the plants were small and immature., Canada
bluegrass was present but not abundant. Invader species were
essentially absent. Vegetation cover was generally uniform over

the dump face except in areas that had been disturbed by cattle.

No noticeable difference in vegetation success was
evident between the 26° and 34° slopes. The waste material of

this dump face is the same as that on the surface, carbonacecus

shale., The fact that revegetation was successful on the untreated
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face but not on the surface is difficult to explain. It
is possible that there were more moisture collecting

microsites on the slope which improved germination.

No major erosion was noted on the slopes but

several areas showed signs of rill erosion.

3140"' Dump Surface

The dump surface, which was reseeded in the fall of
1978, had satisfactory growth. Most germinmation occurred in
the furrows left by the harrow. All five species iIn Seed Mix
IV exhibited some success, but the sainfoin, wheatgrasses and

smooth brome indicated best results.

3140' Dump Face

In the fall of 1978 there was a high concentration of
juvenile plants which were expected to develop in the spring
of 1979. Examination of the 3140' dump faces indicates that these
have developed. C(rested wheatgrass was the dominant species
although the. grass/legume ratio was satisfactory. Vegetative
cover was relatively uniform over the dump faces. There was
no apparent difference in productivity between the two dump

faces of slopes 269 and 34°.

Despite much evidence of cattle grazing and surface

disturbance, growth on the dump face was quite satisfactory.

3120" Dump Surface
Vegetative growth of Seed Mix VI on the newly seeded area

at 3120' indicated similar success as on the 3140' bench surface.
There was an abundance of juvenile wvegetation, especially grasses.

Birdsfoot trefoil did not appear to be a successful legume.
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Similar to the 3140’ bench surface, the initial

germination success on the 3120' surface appeared in the

i =

furrowing of the soil surface left by the drag harrow.

- Growth on the dump surface area which was not re-

LJ seeded in 1978 was less than satisfactory. Crested wheatgrass
exhibited the best success of the species in Seed Mix I,

Lj however, the vegetation growth on the clayey material was
patchy and exhibited moisture stress. Vegetation has per-

. sisted in small depressions where moisture could collect.

e

1 3120' Dump Face
L} Vegetation success on the claystone dump faces was
- more satisfactory than on the dump surface. C(Crested wheat-

grass showed surprisingly good growth. Alfalfa, the ounly

other species growing, was less abundant and not as productive,.

-
—

€

Vegetative growth on the slopes occurred in furrows and ruts

C

where moisture collection was more effective, No major dif-

T

ference was evident between the 20° and 30° slopes. On the
389 slope vegetation cover was very patchy with some good

stands. However, there were large areas which were completely

i
—

devoid of vegetation. Erosion was not a major problem.

Trench B

S

-

Topsoil Pile

[

The agronomics were doing poorly on the topsoil pile.

The growth of the agronomics was obviously inhibited by the

—

invader weed species which were exceedingly abundant. Crested
wheatgrass, alfalfa and Canada bluegrass were all present but

the plants were small.

—
S

L
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Subsoil Pile

The revegetation success on the subscll pile was
very satisfactory. Invader species, which were relatively
abundant in the first year, were less prominent than the

agronomics.

Vegetation cover was excellent., Crested wheatgrass
and alfalfa were the major vegetation on the plot. Canada
bluegrass exhibired improved success over the last year for
reasons which are unknown. The bluegrass plants were juvenile
which suggests that the conditions for germination may have
been better this vear, while the seeds remained dormant in the
first year.

Gravel Pile

Growth on the harrow-seeded area of the gravel pile
was excellent. Crested wheatgrass and alfalfa are the only
vegetation species on the plot. Vegetative cover was essen-

tially uniform over the entire area.

The hydro-seeded area of the gravel pile showed part-
icularly good success for the drylander alfalfa. This was
expected after initial examination of the area last year.

Alfalfa has exhibited excellent success wherever fall ryegrass
was not the dominant species in the initial year. In this hydro-
seeded area the alfalfa and crested wheatgrass were present in
approximately equal quantities, with the alfalfa plants exhibiting
excellent productivity.

Trench C
Three waste dumps at Trench C were seeded and fertilised

in September 1978. The seed mixes applied were selected on the

basis of the Aleece Lake results. This section of the report
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presents a summary and discussion of the early spring

—

growth results at Trench C.

—_—
—

Dump 1
Vegetation on the level area was very patchy with

growth clearly better in the small depressioms. Vegetation

-

cover appeared to be better om the topsciled areas. Growth

“
—

results on the bentonitic clay at Aleece Lake indicated simi-

-

lar improved success on the topsoil side.

___.

On the slopes, growth on the topsoiled portionm,

although patchy, was consistently better than on the bare

i
| material. With topsoil cover the slopes were more prone to
erosion.
T
Dump 2 .

Cermination success of Seed Mix VI was noticeably

.

better in the furrowed areas at Dump 2. There was no apparent

difference in reclaim success between the non-topsoil and

_,
-

C‘.

topsoil portions of the level area. Weed species were more

abundant on the topsoil portion but were not excessively

—_—
—_—

productive. The three wheatgrasses and alfalfa exhibited

C

good abundance of juvenile plants.

-~

Growth on the bentonic clay slopes indicated similar

species diversity as the level areas but better individual

o

L

plant productivity. This was the same general trend found at

all test areas at Hat Creek. The sloped arsas have ruts and

B

channels which trap water and promote germinationm.

-
—_

Dump 3
Early spring growth was not outstanding on the Dump 3

>

area at Trench C. Overall, the grasses indicated much better

gsuccess on the topsoil portioms. The legumes appeared to be
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doing well on the bare material.

0f the new seed species selected for testing at
Trench C the hard fescue and tall wheatgrass appear to be
taking well. Birdsfoot trefoil was selected as a legume
with acid tolerance, however, it was proved unsuccessful in
all areas ﬁested. It is suspected that this species may not
be sufficiently drought-tolerant for use at Hat Creek.

Vegetation Sampling Method - September 1979

Vegetation was assessed in the same way as in June 1979,

Results of Visual Growth Assessment — September 1979

Trench A

3160' Dump Surface

Of the five areas seeded in 1978 on the carbonaceous

shale waste dump, only two areas showed satisfactory growth.
These areas, seeding pattern areas 4 and 5 shown in Figure 2-3 _
in the 1978 Environment Field Programs Report2 had been furrowed
while the other three had not. Growth was restricted almost
entirely to these furrows. The 1l species tested showed some
success {tall wheatgrass, slender wheatgrass, crested wheatgrass,
tall fescue, hard fescue, streambank wheatgrass, birdsfoot tre-
foil, sainfoin, alfalfa, double cut red clover and smooth brome)
although the grasses exhibited the best results. Double cut ted
clover exhibited poor success and only one birdsfoot trefoil

plant appeared.
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The relative success of the vegetation growing in the
furrows is thought to be attributed to the ability of the
furrows to trap water. The carbonaceous shale tends to be
hydrophobic; normally when water collects in puddles on the

surface it does not easily wet the soil below approximately 5 mm.

Seeding pattern area 3 where the carbonaceous shale
was seeded "as is" without either topsoil addition or furrows,

was completely devoid of any vegetation.
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Seeding pattern areas I and 2 have a surficial capping
of topsoil (approximately 15 cm) but do not have furrows.
Agronomic species sown showed poor success compared to other
areas sown in 1978 and compared to the furrowed areas on bare
carbonaceous shale, In addition to poor cover the plants were
generally small and immature. Weed species were relatively
abundant compared to the seeded species though their quantities
were not nearly sufficient to provide the same level of com=-
petition as on the Trench B topsoil pile or the topsoiled portion
of the Houth Meadows dump. The weed species were generally large
and mature. All agronomic species tested exhibited some success,

with the exception of birdsfoot trefoil.

3160' Dump Face

Vegetation success was good on the dump face. Crested

wheatgrass and alfalfa were about equal in abundance but overall
the slopes were somewhat patchy and waterborne erosion channels
were fairly significant, Overall the vegetation appeared in a
healthy condition. Weed species were not particularly abundant

on the slopes.

3140' Dump Surface
The vegetation on the baked clay dump surface exhibited

excellent success. Ground cover was very high and uniform
throughout. Of the three grasses (smooth brome, crested wheat-
grass and slender wheatprass) and two legumes (sainfoin and
alfalfa) applied, sainfoin appears to be the more successful
species, while alfalfa exhibited poorest success. Canada blue-
grass was also present at the northern end of the dump presumably

from the initial seeding in 1977,
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3140"' Dump Face

The dump face has shown consistent improvement in
vegetation success. The ground cover was relatively uniform,
and the vegetation (crested wheatgrass and alfalfa) was green
and had a high proportion of mature plants. Weed species were
present but notabundant. Wind and/or waterborne erosion was
not observed to be significant on the slopes. This dump face
had been disturbed by cattle and consequently had some patchy

areas of ground disturbance and grazing.

3120" Dump Surface

Vegetation success on the gritstone (claystone) material
was mixed, with some large areas of poor success. The vegetation
that did become established, crested wheatgrass and alfalfa, is

somewhat stunted, chlorotic and very dry. Overall the condition
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of the vegetation on this portion 1is unsatisfactory. The
surface material is clayey and dries to a very hard crust
which seems to inhibit plant development., The results at
Aleece Lake indicated that this material should be easier
to revegetate than it appears to be at the Trench A waste

dump.

On the bazked clay area, at the western portion of
3120' bench surface, vegetation success was much better.
Although Seed Mix VI was applied on the '3120' bench surface,
the results are basically similar to that obtained on the
baked clay at 3140' where Seed Mix IV was planted. The
three grasses (streambank, slender and tall wheatgrass)
exhibited good germination success but were still somewhat
juvenile, whereas the legumes (alfalfa and birdsfoot trefoil)
showed limited success. Typically, birdsfoot trefoil did not

develop at all, and alfalfa showed scattered success.

3120' Dump Face

The gritstone dump faces exhibited vegetation success

primarily in ruts left by bulldozers. Ground cover was variable
with relatively good cover on the 20° and 300 slopes while cover
onr the steepést, the 370 slope, was scattered and generally un-—
satiafactory. The vegetation that had become established was
somewhat stunted and very dry. Crested wheatgrass was more

abundant than alfalfa.
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Trench B

Topsoil Pile

Native species growth has been quite intense during
the past two years and this has led to the situation where the
establishment of the agronomics has been almost negligible.
Both crested wheatgrass and drylander alfalfa were present on
the topsoil pile but in very low proportions and they were

stunted and immature.

Subsoil Pile

The condition of the vegetation on the subsoil pile was

similar to that of the gravel pile. There was a good balance of
grass and legume with an overall uniform ground cover. At the
time of inspection the crested wheatgrass was browning, while the
alfalfa was still green and healthy, with some minor chlorosis.

There was a relatively high abundance of weed species present.
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Gravel Pile

On the harrow seeded portion, the crested wheatgrass
and alfalfa appeared healthy and were basically equally
abundant. The ground cover was good. On the hydro-seeded
area, the alfalfa was the better established species, some
plants were over 70 cm high. Crested wheatgrass appeared to
be more dried out than the alfalfa. The alfalfa exhibited

chlorotic lower leaves.

Trench C

Dump 1

Despite the relative lack of moisture this past summer,
there was substantial germination success on the topsoil surface
of Dump 1. All species showed some success except birdsfoot tre-
foil. Generally, the plants were small, somewhat dried-out and
juvenile. The topsoil dump face exhibited much the same plant
diversity and ground cover as the dump surface, but overall the

grasses were larger and healthier.

Vegetation success on the non-topsoil dump face and
surface was poor. Ground cover was very patchy and the vegeta-

tion generally drier and smaller tham on the topsoil.

ro
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Dump 2
The furrowed area in the centre of Dump 2 showed the

best results, both on the topsoil and non-topsoil presumably

due to improved moisture collection. Alfalfa and juvenile grass
species were quite abundant; birdsfoot trefoil did not develop.
There is a substantial abundance of weed species on the topsoil
areas of Dump 2. Apart from the furrowed areas, vegetation did

not develop well on the non-topsoiled dump surface. Those plants

that did develop had chlorotic leaves and were small.

,ﬁ'ﬁﬂh 7

Vegetation success on the dump slopes was generally
much better compared to the level area. Apart from one area
of topsoil where results were poor, there was little difference

between topsoiled and non-topsoiled dump faces.

Erosion did not appear to be significant of any of the

dump faces.
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Dump 3

Six species, three grasses and three legumes, were
applied in separate rows on both the raw waste and topsoiled
waste material on Dump 3. Of these species, sainfdin exhibited
the best results. This legume was a highly successful reveget-
étion species in all areas where it was applied. Alfalfa showed
moderate success on the topsoil, but mixed results on the non-

topsoil.

Tall wheatgrass and streambank wheatgrass had similar
success: good abundance on the topsoil and no germination on
the raw material. Birdsfoot trefoil did not develop om either
topsoil or non~topsoil. Slender wheatgrass indicated slightly

poorer results than the other wheatgrasses.

The non-topsoiled area adjacent to the rows showed poor
results. Large areas were completely bare of vegetation while

some smaller areas had patches of vegetation.

The topsoiled area adjacent to the rows indicated
satisfactory results, The major species that have become
established were streambank wheatgrass, tall wheatgrass and
alfalfa, Dump 3 slopes showed similar results to those obtained
on Duﬁps 1 and 2,

Coal Waste Pile

Although generally patchy on the top, this dump exhibited
some areas of good cover of crested wheatgrass. Alfalfa was less

abundant and generally smaller and more immature.
Vegetative growth appears somewhat better on the slopes

of the coal waste pile where the vegetation (crested wheatgrass)

was greener, larger and more abundant. No major erosion was
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observed on the cocal waste though rill erosion is evident

on the east side of the dump.

Drill Sites

Extensive exploratory drilling has been carried out
in the Hat Creek Valley since 1974. Drill sites and roads
have been progressively reclaimed and all disturbed areas were
reclaimed by the fall of 1978,

During the spring of 1979, 19 drill sites were randomly
selected and the progress of reclamation evaluated. With few
exceptions the drill sites have been reclaimed to a satisfactory

level.

Details of the sites inspected and photographs of some
of the sites are given in the followings. Overall ratings of
excellent, good, satigfactory and poor were assigned considering
overall vegetation cover} type of vegetation, weeds/agronomics;
balance of legume/grass species; condition of plants and plant

gize and maturity.

Drill Hole Rating Comments

DDH 74=29 Satisfactory®  Grass dominated - few
legumes, also lots of
weeds

DDH 74-44 Good Good mix of grass and
legume

244



Drill Hole Rating Comments

DDH 75-49 Good Alfalfa and crested
wheatgrass dominant; some
brome grass; native species
invading well.
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~Drill Hole

DDH 76-130/
76-206

Drill Hole
DDH 76-=145

DDH 76-154

DDH 76-159

DDH 76-162
DDH 76-251

DDH 76-803

Rating
Excellent

Rating

Excellent

Poor

Satisfactory™

Satisfactory™

Excellent

Satisfactory

2
|
~
(o)}

Comments

Crested wheatgrass

and brome grass in
excellent condition -
clover and native legume,
weedy milk vetch, present,

Comments

Almost all grasses — no
legume

Some fall rye and slender
wheatgrass but mostly
weeds

Crested wheatgrass mature
and healthy; alfalfa in
limited quantities -
large quantity of weeds

Fall rye dominated. Long
term potential may suffer
from first year dominance
by fall rye.

Alfalfa showed excellent
results = good invasion
by native species -
patchy.



Drill Hole Rating Comments

DDH 76-813 Excellent Smooth brome, crested
wheatgrass and stream-—
bank show excellent
results. Alfalfa out-
competed.

DDH 76-814 Excellent Alfalfa was dominant and
smooth brome, crested
wheatgrass and stream-
bank showed excellent

results.
RH 77-18, Poor*t Both crested wheatgrass
53, 58 and alfalfa were present

but in small quantities.
Fall rye was present.

Mo
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Drill Hole

DDH 77 - 39

RH 77-66

DDH 78-860

Rating

Satisfactory

Satisfactory

Goodt

Comments

Grasses were present
but mostly immature -
similarly alfalfa.

Rotary holes were not
reseeded since disturb-
ance is only minor

Grass dominated (crested
wheatgrass and smooth
brome). Alfalfa was
present but plants small
in size.
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Trace Element Studies

Introduction

During 1978, samples of soil and vegetation were collected
from all test plots at Aleece Lake and selected samples were anal-~
ysed for trace elements2, At that time, only vegetation samples
from the colluvium, glacial gravel and fly ash test plots were
analysed since the size of the vagetation samples from the other
plots was inadequate for test purposes. The 1978 results indicated
that trace element concentrations im vegetation grown on colluvium
and glacial gravel were simflar and generally within ranges nor-~
mally found in natural enviromments. In the vegetation grown on
the fly ash plot several elements including arsenic, borom, copper,
molybdenum and selenium were present at greater concentrations than
normally found in natural vegatation. Sampling of soil materials
and vegetation at the Aleece Lake test plots for trace element
analyses was repeated in the late summer of 1979 on a more com=-

prehensive basis.

Sampling and Analyses

Samples were taken from non~topsoiled sides of the collu-~
vium, glacial gravel, gritstone, bentonitic clay, coal waste and
fly asih plots at Aleece Lake. TIn addition, vegetation samples
were collected from the topsoiled portion of the fly ash plot.
Soil samples were taken from the colluvium, gritstone and fly ash

plots and from nearby natural areas.

The species sampled were rastricted to those which have been
gshovm to be particularly useful inm revegetation trials, namely, sain=-
foin, alfalfa, crested wheatgrass, streambank wheatgrass and smooth

bromegrass.
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A preliminary assessment of the partition of trace
elements among the stalk, seed spilkas and roots of grass on
the coal waste and fly ash plots was made for comparison with
a native grass, bluebunch wheatgrasa (Agropyron spicatum),
found adjacent to the Aleece Lake test site,

Sample collection and handling procedures used in 1979
were identical to those used in 1978, The sampler, wearing
plastic gloves, clipped the vegetation using acid washed stain-
less steel scissors. Each sample was placed in a white paper
bag. The vegetation was sampled raamdomly at several points along
the previously used transects across each plot. Sampling was
carried out when the vegetation was relatively dry., Soil samples
were collected using an acid-washed plastic trowel and placed in
plastic bags. All samples were shipped to Vancouver for analysis
by Chemex Labs Ltd.

Quality control zanalyses were performed on certified
standardg during the analyses and the results are reported in

Table 2-4. In all cases the agreement between the actual snalytical

results and the certified values for the standards was excellent.
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Table 2~4 - Trace Element Quality Control Analyses

Element Certified Value Actual Analyses
ppm ppm
As 10 £ 2 9.5
Be 0.03 £ 0.01 0.04
cd 0.1 £ 0.01 <0.1
Cu 12 £ 1 12
Cr 2.6 £ 0,3 2.6
Fe 260 = 20 270
Pb 45 £ 3 43
Hg 0.155 15 0.170
Mo 0.3 + 0.1 | <1
U 0.029 * 0,005 <0,1
Zn 25 £ 3 26

Vegetation samples were dried at 45°C, weighed and milled
to minus 20 mesh. The analytical procedures used were the same
as for the prepared soil samples. Some vegetation samples were
washed with distilled water prior to drying and milling to deter-
mine the affects of washing on the vegetation trace element levels.
Trace element lavels were alsc determined on the wash waters. Root
samples were washed with distilled water and then each sample was
cleaned by allowing it to sit in an ultrasonic bath to dislodge
dirt particles, Although this treatment is very effective by
larger roots, the masses to tiny rootlets in these samples retained
gignificant quantitites of earth. Siliceous residues were visible

following digestion procedures.

2-51

o ﬁ:JHI'



Selected vegetation samples were analysed for radio-

nuclides, Pb-210 and Po-210 were measured by their alpha and
beta activity respectively following a radiochemical separation.
Their activities were measured usini‘a Canberra Model 2200 Low
Level Alpha, Beta Analyzer especially designed for environmental

samples,

This instrument consists of an external proportiocnal

counter with an ultra-thin detector window; the counter is com-
pletely surrounded by four inches of virgin lead and requires
ultrahigh purity P-10 counting gas (90% argon - 10% methane).

(€Y

(11)

Polonium=210: Samples for polonium analysis were

digested with nitric and perchloric acids in order to
completely destroy all organic matter., The digested
solutions were diluted, reduced with ascorbic acid and
then heated for two hours in contact with a silver disc.
Under these conditions, polonium spontaneously deposgits
onto the silver disc which 1s subsequently counted for

its alpha activity. The activity of samples were compared
with the activity of known amounts of Po-210 carried
through the same procedure.

Lead=210: The beta radiation from Fb-210 is weak and
difficult to detect; consequently, the beta radiation
from its daughter, Bi-210 is measured. Therefore,
samples must be captive for at least thirty days to
ensure that the activities of Pb-210 and Bi-210 are in
equilibrium. Samples for Pb-210 analysis are digested
with nitric and perchloric acids. Bi-210 is dissolved

at the same time and is then extracted into chloroform
with diethylammonium diethyldithioearbamate. Bismuth is
then precipitated as bismutﬁ oxychloride and measured for
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its beta activity. Standard solutions of Bi-210
are carried through the same procedure for cali-
bration purposes.

Each soil sample was split into four equal fractions.
One fraction was reserved and the other three were dried at
three different temperatures: room temperature about 220C,
45°C and 60°C. The samples were then milled and analysed for
various trace elements as follows by Chemex Labs Ltd.

(1) Cu, Mo, Pb, Zn, Cd, Fe, Ni, Mn: A sample was wet-
ashed with a combination of nitric and perchloric
acids and each metal was determined by direct atomic
absorption using Varian AA5 or AA6 spectrophotometers.
Pb, Ni and Cd were corrected for background absorption.

(11) As, Se: An aliquot of the sbove solution was reduced
and both elements were analysed as their hybrides via
hot vapour flameless atomis absorption using a Varian
AA6 spectrophotometer.

(iii) Hg: Samples were digestad with nitric and sulphuric
acids, potassium permapganate and potassium persulfate.
Mercury was reduced and an#lysed via cold vapour U.V.
absorption using a Jarrell Ash spectrophotometer.

(iv) Cr, Co, Be, V: Samples were dry-ashed at 5500C, digested
with nitric perchloric and hydrofluoric acids and
analysed by direct atomic absorption.

&) F: Samples were ashed at $50°C using NaOH as an ashing
aid., The ash was fused with sodium carbonate, leached
with water, buffered and anmlysed for fluoride with a
specific ion electrode.

(vi) Sn: Samples were ashed at 550°C, fused with ammonium

iodide, leached, extracted and analysed by atomic
absorption.
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(vii) Boron: Samples were ashed overnight at 550°C and the
ash was dissolved in hydroé¢Hloric and nitric acids.
The use of normal Pyrex glassware (borosilicate glass)
was avoided. Samples were ashed in porcelain and
leached in polyethylene containers. The resulting
solutions were analysed by Cantest Limited using plasma
emission spectroscopy.

(viii) Uranium: An aliquot of the digest solution generated
in part (iv) was removed and the uranium separated by
solvent extraction into methylisobutylketone with acid-
deficient aluminum nitrate. The extracted uranium Was
then determined by the fluorescence of its fluoride
complex using a Turnmer Model III fluorimeter.

(ix) Thorium was determined by neutron activation analysis.
Samples were irradiated inm a thermal neutron flux, ccoled
for a week and then thorium was determined by gamma
spectroscopy.

Duplicate analyses were performed wherever sufficient
material was available. The duplicate analyses included separate
weighing and digestion/fusion in all cases. In no case were
duplicate results reported on different aliquots from the same
digestion/fusion. 4

Samples of colluvium, sand_ltone, fly ash and native soil
from near the Aleece Lake plots wére analysed by gamma spectroscopy
for radionuclides. Gamma spectroscopy analyses were performed by
Novatrack Analysts Ltd., a subsidisry of Chemex Labs. The gamma
analysis system in use at Novatrack consists of the following

equipment:

Detector: A lithium-drifted germandium [Ge(Li}} detector with a
regolution of 1.95 KeV at 1.33 MeV, a peak-to-
Compton ratio of 45:1 and an efficiency of 17X.
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Detector Shield: A lead case of 15 x 1% x 20 inches surrounds
the detector. The walls of the cave are 4 inches thick
and are lined with 0.02 inches of cadmium and 0.06

inches of copper.
Pre-amplifier: Ortec model 120-4.

Amplifier: Ortec model 572 spectroscopy amplifier and pulse

pile-up rejector/live time corrector.
Bias Supply: Ortec model 459.
Blas Filter: Ortec model 119 H.V. filter.

Multichannel Analyser: Ortec model 7044 data acquisition
system with a 100MHz 4K ADC and live time clock.

Data Storage: Plessey Model PM-DD/11B hard cartridge disks.

Computer Analysis: DEC Model PDP 11/34 computer system.

Methodology:

Depending on sample size, the sample is weighed into
one of three different size containers: (50,200 or 500 mls) and
placed inside the shield surrounding the detector. The sample
was counted for 50,000 seconds (14 hrs) and the gamma rays detected
during this counting period were stored in the memory of the multi-
channel analyser. At the end of the counting period, the spectrum
was transferred from the memory of the multichannel analyser to the
disk storage units. Analyszis of the spectrum was later performed

by the computer system.
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Assignment of Radionuclide Activities:

Gamma spectroscopy permits the measurement of many of
the critical nuclides in the three naturally-occurring radio-

nuclide series. Some of these radionuclides are measured directly

by their gamma rays; others which do not emit gamma rays when
they disintegrate cap be measured indirectly if their half-lives
are short in comparison to a longer~lived parent. For example,
in the uranium series Ra226 and Bi?14 are measured directly. If
the rate of decay of Bi2l4 is found to be identical to the rate
of decay of Ra226 (within the 2 sigma confidence limits), then
one can safely assume that Rn222 was in equilibrium with Ra226,
Similarly the levels of the Po2l8, Ph2l4 and Po2l4 can be set
equal to the level of Bi2l4 pecause of the very short half-lives
involved. Other radionuclides frequently measured directly
include K40, the fission fragments Csl37 and Cel%44 and the light
isotope Be7, a product of cosmic ray interactions,

A list of the normal detection limits obtained within
gamma spectroscopy i1s listed in Table 2-3,
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Table 2-5 - Gemma Spectroscopy Detection Limits

Detection limits reperted here apply to an average
granular soil gample weighing about 150 gms and having a

volume of 200 mls.

Radionuclide Type of measurement Detection Limit (pCi/gm)
U-238 direct 3.0
U-234 direct 20.0
Ra=-226 direct 0.02
Rn-222 indirect 0.03
Po-218 indirect 0.03
Pb-214 indirect 0.03
Bi-214 direct 0.03
Po-214 indirect 0.03
Pb-210 direct 4.0
Th-232 indirect 0.03
Ra-228 indirect 0.03
Ac-228 direct 0.03
Th-228 indirect 0.3
Ra-224 direct 0.3
Po-216 indirect 0.03
Pb=212 direect 0.03
Bi-212 indirect 0.03
Po=212 indirect 0.03
T1-208 indirect 0.03
U-235 direct 0.10
K-40 direct - 0.2
Cs-137 direct 0.02
Ce~144 direct 0.05
Be~7 direct 0.10

257




2.4.3

Results and Discussion

The results of the vegatation trace element analyses of
samples from the Aleece Lake test plots are presented in Table
2-6. Where analyses of soil materials was not done in 1979,
values obtained in 1978 are shown. The results of analyses of
gsoil materials from Aleece Lake and nearby native soils are also
shown in Table 2«6,

Most of the vegetation trace element levels were similar
to those found in the 1978 Survey., In all vegetation samples
analysed in 1979, where comparable samples were tested in 1978,
the levels of cadmium and mercury were significantly greater.
The average concentrations of Cd and Hg in the vegetation from
the colluvium, glacial gravels and fly ash plots in 1978 were
0.12 mg/kg and 28 ug/kg; in 1979 these were 0.82 mg/hg and 103
ug/kg.

In 1978 the level of cobalt. in the sainfoin from the
colluvium and glacial gravel plots averaged 0.5 mg/kg about six
times the level found in other species growing on the same plots.
In 1979, the Co concentrations in the sainfoin were identifical to
thoge found in the other speciles growing on the same plots.

The average concentration of Co in vegetation grown on
the gritstone and bentonitic clay plots was 0.32 mg/kg six times
the average concentration in vegetation from the colluvium, glacial
gravel and fly ash plots. On the coal waste plot the Co concen-
tration in the vegetation was quite variable ranging from 0.06 mg/kg
in the streambank wheatgrass to 0.72 mg/kg in the alfalfa.
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TABLE 2-6 TRACE ELEMENT CONCENTRATIONS IN VEGETATION GROWN ON WASTE MATFRIALS AT ALEECE LAKE TEST PLOTS
COLLUVILM GLACIAL GRAVEL GRITSTONE BENTOBITIC CLAY
T | } 1 . ! 3 ‘ °
PRI | O L P | | 5 R LR L A g
e 3 38 qBap |3 3§ I g e S3BgRap -~ | 3 3 YBAH =R
/i gg.é § :43,3:3;_,,;3“ giiéféiin 23!3,,‘”!::
| |u 0 n| CR , d ! 3 “ - [ {85 & - i dl [ 3
: | 5 ! ' T ¢
As 0.5 0.5¢0.5¢0,5 0.5| 20§0.5] 0.5, 0.5 <05 0.5 6 0.5¢0.50.5 0.5 0.5 7 0.5 0.5 0.5 t.¢ 1ol 9
3 1286 56 19 18 : 3 | 1|13l e, 43 3, 50| 1s 115 93 25 25 19 6.2 83 83] 20| 12| 15 |24
Be 0.03 0.05 0.02 0.01 <0.0L 1.5 | 0.01 0.02 ¢ 0.01 <0.01 <0.01; 2.0 0.03 0.04 0.02 0.06 0.02 1.5 Jo. oJlo 03 0.05 0.03 0.032.0
cd 0.6 0.7 0.6 0.7 0.8 0.1 | 2.6] 0.8] 0.7 0.6 0.6<0.2 0.5 0.80.6 0.7 05 0.1 0.5 0.5 0.8 0.7 o.8/c0.2
ce 0.8 0.8 0.8 0.64 0.64 91 |19 | 2.2] 0.8 1.0 1.9 Mo 2.4 2225 47 12 W7 1.7! 1.8 2.8 2.1 1.6/123
co 0.04 0,04 0.05 0.05 0,04 15 | 0.08 0.06 0.06 0.08] 0.08 14 0.60 0.39, 0.40 0.40 0.23 20 0.12{ 0.10} 0.32 0.28 0.32(16
Cu 8 13 9 8 10| A2] 9 |15 |10 8| 1| & 12 16 {15 14 15 &b 10 12] 12| 12| 12 {40
F L1 L4 1.9 1.8 1.9 316 J1.3] 157 2.4 3.0 2.7) 160 2.4 z&l 3.3!3.:»3.:.25& 2.7, 2.5 7.2 6.7] 5.4{265
Fe 90 145 133 90 m‘z -86x] 108 | 250, 175 2000 1953.03% 455 328,580 920 340 2,008 | 363 225[ s6s| 673 ess|2.65x
Pb z 2 11 2! 3f{r{ 3tz 2y 2| 3 2 &1 11 7 2{ 1| 2| 2| 3¢t7
¥n 105 48 63 50 58 ; 532 }9s | 80 | 140 98| 178 668 145 80 ' 70 |78 98 226 105 60 | 70| 63| 128|313
Hepafeg | 110 105 65 80 95 ; 98 ]85 [ 65 ! 130 145] 95| 65 110 10595 ‘10 s 73 f 90| 85| 120 105 100(170
o 14 v o a a0 o z2f o7t " R 2 S 4'1 3 2 8, 7 1| 2! &}2
n 1 2 a1 1. mfyo2,Q <) o] s 2 22 2 24 L I N R
Se 0.2 0.2 0.2 ¢0.2 <0.2 <1 [€0.2<0.2 '¢0.2 <0.2 (0. 2| <1 0.2 0.30.8'0.4 0.7°¢1 1.0 1.4}¢0.2{¢0.2 <0.2}01
h 2 (2 2 <2 <12 s <2 2 <2 <z| 10 : 2212 ¢2la 2042 | 2/¢2 <2 %
Sn (<1 o a < o« J<a o<1 < <15<1= <1<l <1 o<1 < a alafaia;
u ¢0.1 0.1 0.1 ¢0,1 <0.1 1.5 §40.10.1 ¢0.1 <0.1 ¢0.1¢0.5 Y0.170.19%0.1 0.2 «©.111,5 Jc0.1<0.1(<0.1 o.nE 0.1¢0.5
v 1.2 1.2 1,0 08 1.0 19 | 1.4 L2 1.0 L2 1.2; 160 2,6 2.22.4 5.0 2.0 121 1.6 1.6] 3.8' 2.8 2.6/130
Zn o185 1oz 6|15 20 W 10 a2y s 92 10787 30 |43 !15 20 2018 23 23 |68

# Mesn of 1979 Analyrical Results

¢ 1978 Analytical Results
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TABLE 2-6 (CONT.)

COAL WASTE FLY ASH - without topsoil FLY ASH - with topsoil
— _
el "
oo loB 3 3 el L RERLY L | 2] gyl ahed
o | @ | @& 'aWwl e o 'ﬂt‘.'gﬂa gh - e | 4| ,.y| 8B 35"3
e | 300 E3 BDEE| 3 | 3% EE 2850 3 33|88 3g5de
i 4138 48 45| 3 3| 82|58\ 8E 3| 3| 9)|8a] &8 EERE
— i
As 0.5/ 0.5 0.5| 0.5 0.5 5 1.5| 2.0 | 2 | o.5| o.5] 0.5 o.5| 0.5
B 143 98 | 21| &3 71 17 372 150 | 122 107 94 | 157| 409
Be 0.01| 0.02| 0.01/ 0.01 0.03 1.5 0.04 2.6 | 0.01] 0.02 [(0.01 [<0.01/0.01
cd 0.9 0.8] 0.5/ 0.7 1.1{<0.2 0.1 1.0 0.1 | 1.2| 1.1] 0.6| 0.9] 0.6
cr 1.8' 1.2| 0.9 1.1 1.5| 105 2.5 124 | 1] 19| L 1.4 1.4
Co 0.381 0.72| 0.11] 0.06 0.14] 11 0.28 10 | 0.04]0.04]0.04] 0,04 0.10
Cu 10| 17 10} 10! 17| 55 21 | 23 56 | 1| || |12
¥ 1.4 1.4 2.4 2.4' 3.0{ 133 1.2 107 | 1.4] 1.4 1.3] 2.6f 2.2
Fe 180| 143| 143] 140} 230] 1.60% 420 | 428 2.63x | 150| 243 95 | 278{ 288
Pb 3 2| 2} i 3} .6 2| 3 3 2} 3} 2] 2| 1
Mn 200 153| 95 | 88 . 105 140 65 | 28 262 | 145 53 | 50 | 68 | 38
ngpg/kg | 85 | 80 | 75 | 80 .85 . 80 115 60 | 120| 130| 15| 105 90
Mo (i o1 ]al 2l 2 16 | 11 w | w| s8] 8| 5| 10
N1 2 | 2] 1<t 1 & 2 | 1 56 ] 1| 2| 1] 1
Se £0.21¢0.2 |<0,2|<0,2 (0.2 <1 0.2] 0.4 ¢1 | ¢o.2|<0.2{<0.2|<0.2] 0.4
Th <2l 20¢2’' 2 ¢2 10 — <2 9 <2 |c2l<2|<2]| ¢
Sn <1 | <1 ;<1 ' a <1 m—] <1 {1 <1 | < <1 [ < Q
v €0.1!¢0.1 0.1 <0,1 <0.1 (0.5 — | 0.1 1.3 | ¢o.r| o.1f¢o.1]| 0] o.1
v 1.4 1.2 1.4 1.2 1.0 150 6.2 257 | 1.2 2.0 0.8 1.8] 1.8
Zn 55 54 40 16 30 57 50 | 19 9 | 8| 26 | 27| 9! n
‘ |

# Mean of 1979 Analytical Results

® 1978 Analytical Results




The concentration of boron found iIn the legume species
was greater than found in the other species at all of the Aleece
Lake plots.

Selected vegetation samples were washed by rinsing in
distilled water to examine the effects of dirt adhering to the
plants. A comparison of the trace element concentrations found
in samples of washed and unwashed wegetation from the fly ash
plot is shown in Table 2-7.

In most cases washing of the vegetation samples before
sample preparation and analyses for trace elements did not sig-
nificantly alter the analytical results. The results, however,
are inconsistent and probably fnfluenced by the variability due
to sampling selection and preparation., Washing the samples taken
from the fly ash piot with no topsoll reduced the trace element
concentrations in 57 percent of the tests, produced no change in
33 percent of the plots and increased the level of the trace
element in 10 percent of the tests. Washing of the vegetation
samples from the half of the plot with topsoil reduced the trace
element levels in 22 percent of the tests, caused no change in 47
percent and increased the trace element concentrations in 32 per-

cent of the tests.

The wash water from these comparative tests was also anal-
ysed for selected elements and the results are shown in Table

2-8,
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Table 2=7 =

Comparison of Trace Element Levels in
Washed and Unwasliéd Vegetation Samples -
- Fly Ash Plot

U

sample unwashed

2-62

Alfalfa - Crested Wheatgrass Sainfoin
mg/hg Topsoil No Topsoil Topsoil No Topsoil Topsoil
W U W i} W | U W U W U
As 0.5 0.5 1.0 1.5] 0.8 0.5 1.0 2.0 0.5 0.5
Be g.2 0.2 - - {«<0.0L| <0,01| 0.03| 0.04] <0.01| <0.Cl
B 129 107 - T 189 157 287 372 156 122
Ccd I.1 1.1 0.1 0.1} 0.9 0.9 0.9 1.0 1.15) 1.2
Cr 1.2 1.9 - - 1.2 1.35| 2.2 2,5 0.95| 1,05
Co 0.04| 0.04 - - 0.08} 0.04( 0.22| 0,28 0,04 0.04
Cu 15 19 20 21 12 11 19 23 12 11
4 1.6 1.4 - - 2.6 2,2 1.3 1.2 1.2 1.4
Fe 238 243 390 420 1 285 278 325 430 185 150
b 2 3 2 2 2 3 3 3 2 2
Mn 60 53 50 65 68 68 28 28 185 145
Hg ug/hg 120 130 - - 110 105 120 115 115 120
Mo 8 7 13 14| 5.5 4.5 9 11 7 10
Ni 1 1 2 2 1 1 1 1 1 1
Se <0.2 ! <0.2 |<0.,2 0.2 10,2 |<0.2 ([<«0,2 0.4 | <0.2 | <0.2
Th <2 <2 - - <2 <2 <2 2 <2 <2
S$n <1 <1 - - <1 <1 <1 <1 <1 <l
U 0.1 0.1 - - 0.1 0.1 0.1 0.1 0.1 0.1
v 1.6 2,0 - - 2.0 1.8 4.4 6.2 1.2 1.2
Zn 26 26 38 50 | 10.5 9 16 19 54 48
W = sample washed




Table 2-8 - Analyses of Vegetatiop Wash Waters

Alfalfa Crested Wheatgrass Sainfoin
mg/kg Topsoil Yo Topsoil Topsoil No Topsoil Topsoil
Cd <0.5 <0.5 <0.5 <0.5 <0.5
Cu 1.5 7.5 0.35 2.0 0.52
Fe 92 27 48 100 20
Pb 0.75 5.0 0.18 0.30 0.52
Hg <0.025 <0.025 <0.025 <0,025 <0.025
Zn 1.8 8.3 0.63 0.66 1.3
Weight of '
material
washed - g 21.6 1.2 * 39.9 35.0 23.1

* data suspect.

samples in over 50 percemt of the tests.

The quantity of each element found in the wash water
exceeded the difference found between the washed and unwashed

The accuracy of these

tests is somevhat limited by the small size of the samples that

were available.

The trace element concentratjons in the Aleece Lake soll
materials and native s0ils were also generally similar to levels
found in the 1978 survey as showm in Table 2-9, Concentrations
of fluoride and uranium were consistegntly lower in 1979 than in
1978 in the colluvium, glacial gravel and fly ash plots but showed
no change in the native soils. In the colluvium and glacial gravel
plots the concentration of thorium was four or five times the levels

found in 1978,
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TABLE 2 - 9 TRACE ELEHENTS CONCENTRATIONS IN BAT CREEX SOIL MATERIALS

MATERTAL COLLUVIUM GRITSTONE FLY ASH NATIVE SOIL REGIONAL SOIL
Sample Date 1979 1978 1979 1978 ' 1979 1978 1979 1979
Drying

Tao.g(': Room (5| 6ol mean [55-60 | P°°®| 45 | 60]mean {55-60 | ®°™®| 5] 60 |sean|s5-60] | 4s| 60| mean | mean] Ronge
Elemen Temp Temp l Temp Temp
wg/kg
As 19 20) 20| 2] 10 1l s ] 7 6| 22| 23| 22| 24| 16 2| 2} 3| 2| s.0f2.0-10.5
B 12 9.9] 10f] n| n| e.6f 6.8 5.3} 6.2] s8] 151 142] 15| 150] 1781 3.6| 4] s.2| s.0] s.sh.2-1005
Be 15| 1.5 1.4 1.s| 20 f va{ 1.5 15| 1sf 2.0 26| 26 2.7{ 2.6] 206] 1.6] r.7| 1.7} 1.7} 1r.ele.3-1.
ed 00| 0.1 01 01l <02 | 0.2] 0.1 ] 0| 01 <02 0] 0] 0.2] 01| «0.2] o1 0.1} 0.1 0.1] <t.5|0.1-6.3

L) |

Cr 102 86 84 91 125 | -~ 9% 98 99 87 133 130} 124 17| 124 128 142 135| 143] 1401 91.6] 36.5-173
Co 15 i5 15 [} 15 20 19 0 20 is 10 11 i0 10 10 13 12 13 13 143 5-28

Cu 42 42 42 42 39 44 44 &4 &4 46 453 460 450 | 454 330 30 3 28 29 28| 18-54

F 313 ] 305 3307 316 203 2381 273 | 2713| %8 200 108y 108| 105 107 0 218 | 218| 220] 219 195 58-445%

Fel 2.80 |2.88 |2.90| 2.86 | 2.63 | 2.00} 2.00 [2.00] 2.00 [ 2.33 [ 2.60} 2.65} 2.63{ z.63] 2.30{ 3.10] 2.95{ 2.98] 3.01 | 2.36} 1.15-5.18
Pb 3l 3l 2] 3 4 sl 6] 8| 7 6 2l 4| 2 3 2 2| 2} 2] 21 10| s-18
Mn 525 | 535 | sas| 532 533 | 2251 223 | 230| 226 | 30| 258| 260| 268} 262) 288 | 678} 695] 680| 684 - -
Hg ug/kg 90 | 100} 105] 98 90 65} 75 80} 73 95 65| 55| &0 60 50 48] 56 55] 48 981 <10-170
Mo 2 2 1 21 2 3 2 2 2 2 1ef 1 10] 10| 5.5 2 1 1 1l L) <0-2.5
N1 40| 43| 4s0] &1 45 50f 45 ] s1 49 51 s2{ s9) s7| 56 53 32 301 28] 30 - -
Se <l <1 <l <X <} <} <1 <1 <] <1 <1 <1 <i <1 <1 <1 <l <1 <1 <f -
Th 5 5 5 5 20 4 4 4 4 20 9| 10 . 9 9 10 & 4 5 4 - -
Sn ’ <l <1 <1 <] <] <] <] <] <] <l <] <] <1 <} <] <1 < <i=1
v .3 t.3] 1.8 1.5 o.5 1.5} 1.5| 1.5] 1.5 0.5 1.0| 1.5 1.5 1.3{ o.5] o0.5] 0.s{ 0.5 o.5( 0.75{ <6.5-2.3

125 | 118 ) 1131 119 135 123] 120 't20] 121 145 253] 258] 260 257 270 95| 103} 105] 101 1131 50-197.5
Zn 64 66 66 65 75 74 75 75 15 a2 36 46 35 39 50 92 82 72 82 145] 60-206




Trace elements concentrations in the colluvium and glacial
gravel were similar to those in the native soila near to the
Aleece Lake plots and to the soils in the Hat Creek region which
were collected as part of the environmental trace element pro-
gramme (Section 5.0 of this report). Levels of arsenic were
greater in all of the Aleece Lake s0oll materials than in the native
goils, In the fly ash soil materisl, the levels of borom, copper,
molybdenum, uranium and thorium were higher while fluoride and
manganese levels were lower than in the native and regional soils.

Drying of the soil material samples at the three different
temperatures had no significant effects on the analytical results.
In fact, more volatile elements, such as fluoride and mercury,
congistently showed higher results when dried at the highest tem-
perature, 60°C, the opposite of what would be expected.
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Trace element concentrations were determined in the
spikes, stalk and root portions of selected plants grown on
the no topsoil half of the fly ash and coal waste plots at
Aleece Lake and in a similar native grass species grown in
native soils near the Aleece Lake plots. These results are
presented in Table 2-10. Although the roots were washed with
distilled water and then ultrasonically cleaned, there remained
a significant quantity of earth attached to the fine root mass.
Siliceous residues were visible following the acid digestion
procedures of the analyses. Thus the levels of trace elements
in the roots may be somewhat different than reported here due
to this retained earth. 1In general, the root and stalk portions
of the plants contained higher levels of trace elements than the
spikes and above ground plant portions. Only boron tended to be

more concentrated in the above ground plant portioms.
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Table 2-10 - Analyses of Selected Plant Parts

Fly Ash -

Ko Topsoil Coal Waste - No Topsoil Native Soils

Crested

Wheatgrass Streambank Wheatgrass Bluebunch Wheatgrass

Above Above
ng/kg Ground | Roots |Ground | Spikes | Stalks | Roots | Spikes | Stalks | Roots
As 2.0 3.5 0.5 0.5 3.0 3.0 0.5 0.5 2.0
Be 0.04 | 0.32 0.01 0.01 0.31| 0.33 0.01 0.17| 0.31
B 372 67 43 18 30 11 - 11 9.4
cd 1.0 2.3 0.7 0.6 0.6 0.9 0.9 0.95] 1.0
Cr 2.5 14.7 1.1 1.85] 14.4 | 14.2 1.3 6.7 | 11.7
Co 0,28 1.7 0.06 0.13 1.3 1.6 0.04 0.86| 1.5
Cu 23 144 10 13 20 27 11 17.5| 28
F 1.2 19 2.4 2,6 20 22 2.2 17 17.5
Fe 428 3500 140 108 2500 | 4200 200 2900 5500
Pb 3 2 3 2 2 2 2 3.5 5
Mn 28 75 88 58 73 105 30 100 180
Hg ug/kg 115 140 80 60 95 125 90 65 100
Mo 11 13 2 <l <1 <1 1 <1 <1
Ni 1 14 <1 1 6.5 8 1 3.5 7.5
Se 0.4 0.5 | <0.2 | <0.2 <0.2 | <0.2 <0.2 <0,2.| <0.2
Th <2 2 2 <2 2 <2 - <0.2 <0,2
Sn <1 <1 <1 <l <1 <1 - <1 <1
U 0.1 0.7 | <0.1 | <0.1 0.5 | 0.7 <0.1 0.2 0.3
v 6.2 30 1.2 1.6 33 33 1.2 12 22
Zn 19 35 16 29 29 52 17 24,5 47
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Four vegetation samples were analysed for radionuclides

Pb-210 and Po-210, These regults are presented in Table 2-11.

Table 2 = 11 - Radi{onuclide. Analyses

Sample Radionuclides - pCi/g
> Pb=-21C | "Po-210
Fly Ash ~ no topsoil
- crested wheatgrass (washed) 0.2 0.06%0,05
Colluvium ~ no topsoil
-~ alfalfa 0,2x0,2 0.07+0.04
- crested wheatgrass 0,3x0,2 0.10£0.05
Native grass — Lower Hat Creek
(May 1979) 1.5£0.2 1.3:0,1
Native grass ~ Lower Hat Creek
(May 1979) 0.8x0.2 0.7+0.1
Native grass - Lower Hat Creek
(May 1979) 0.920,2 0,7+0.1

The analysts indicate that activities of Pb-210 and Po-210 are

 essentially in equilibrium within experimental uncertainty for

these samples., The native grasses showed higher levels than the
vegetation growing on the Aleece Lake plots. All of the results
are typical of levels found in natursl vegetation.
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The results of the gamma spectroscopy analyses are

presented in Table 2-12.

Table 2 - 12 <« Resgults of Gamma
- Spectroscopy Riadionmiclide Andlyses

(pCi/g)

Radionuclide Colluvium __Sandsgone Fly Ash Native Soil
U-238 0.80 + 0.40! 1.90 £ 0.80 2,10 £ 0.60| 0,70 = 0.40
TH-234 0.80 + 0.40 1.90 £ 0.80 2.10 £ 0.60| 0.70 = 0.40
RA=226 2.00 £ 0.60| 3.30 £ 0.70 4,00 £ 1,00 | 2.40 * 0.80
PB~214 1.50 £ 0.50 2.40 = 0.80 3.70 £ 0.80 1.40 ¢+ 0.60
BI-214 1.50 £+ 0,50 [ 2.40 £ 0.80 3.70 £ 0.80°| 1.40 % 0.60
PO-214 1.50 + 0.50| 2.40 % 0.80 3.70 £ 0.80} 1.40 * 0,60
PB-210 1.60 + 0,60 | 2.40 £ 0.90 | 3,10 £ 0.80| 3.00 £ 1.00
AC-228 0,92 + 0,05 | 1.60 + 0.20 2.25 £ 0,15} 1,25 * 0,20
RA-228 0.92 + 0,05} 1.60 % 0.20 | 2,25 % 0,15| 1.25 * (.20
TH-228 0.92 + 0,05 | l.60 £ 0.20 2,25 £ 0.15| 1.25 + 0.20
PB-212 1.03 + 0.06 | 1.65 % 0.20 2,45 £ 0.15| 1,25 = 0,20
BI-212 1.03 £+ 0.06{ 1l.63 £ 0.20 2,45 £ 0,15 | 1.25 £ 0.20
PO-216 1.03 £ 0,06 | 1.65 £ 0.20 2,45 £ 0.15 | 1.25 t 0.20
P0O-212 0,70 £ 0,10 1.10 £ 0.20 | 1,65 + 0.10 | 0.80 £ 0.20
TL-208 0.30 £ 0.10 | 0.55 £ 0.20 0.80 £ 0.10 | 0.40 £ 0.10
U=-235 <0.10 <0,10 <0.10 <0,10

K-40 22,10 + 0,80 33.00 £ 6.00 |16.10 + 0.80 [ 31.70 % 1.20
CS=-137 0.09 £+ 0,03} 0.08 £ 0.03 <0,05 0.93 = 0.03
CE-144 <0.10 <0.20 <0.10 <0,20

BE-7 <0.10 <0,10 <0,10 <0.10
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3.0

3.1

'WATER QUALITY MORTITORING

Introduction

During 1977, water quality monitoring was started to
provide background data and to monitor possible effects of
mining activities on regional surface water and groundwater
quality. Samples from several surficial watercourses and
groundwater wells in the Hat Creek area have been collected
and analysed since 1977. This monitoring programme was con-
tinued in 1978 and again in 1979 to obtain more background
water quality information. In 1979 the surface water quality
monitoring programme was expanded. This included more fre-
quent sampling at two new locaticms and a study, which was
initiated in September 1979, to establish background coliform
levels in Het Creek where it passes through coal deposit No.
1. Data was also compiled on rain runoff in 1979.

The temperature of Hat Creek could be significantly
increased by the mine and powerplant development. During the
summers of 1978 and 1979, daily temperature data were collected
to establish background temperatura characteristics for Hat

Creek.

During the Bulk Sample Program in 1977, two waste
materials, low grade coal and coaly waste, were plled on specially
prepared areas near Trench A to enable the collection of leachates
from the piles to be made. In the £fall of 1978, leachate samples
were collected on a daily basis to study the water that had per-
colated through the pfles. Daily collections were continued in
1979 to compile additional information.
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3.2

Surface Water

In 1978, surface waters were sampled to compare with
data collected in 1977. In June 1979, more samples were taken
at the Hat Creek stations (1) and (3) about 0.5 km above and
below Trench B, and at the Medicine Creek station about 3 km
upstream of its confluence with Hat Creek. New sampling
stations were established at Ambusten Creek and Houth Creek
at their confluence with Hat Creek.

The water samples uﬁreucollepted by Acres Consulting
Services Ltd. and sent to Beak Consultants Limited, Vancouver
for analyses., Some duplicate samples were alsc sent to the
B.C. Hydrc Regearch Laboratory, Vaacouver, for analyses. Samples
were preserved and filtered as required in the field and shipped
in plastic bottles in cooclers. A complete descriptiom of the
sampling, preservation and analytical methods is given in the
reports entitled Hat Creek Project, Detailed Environmental
Studies, Water Resources Subgroup, prepared for B.C. Hydro by
Beak Consultants Limited, May 1978.3

The results of the surface water quality monitoring
programme are presented in Tables 3-1 to 3-5, The results are
consistent with the 1977 and 1978 ddta.

Due to the poor snowfall, the flow rates of the surface
waters during the spring of 1979 remained relatively low compared to
the previous yvears. During the spring freshet, samples were
collected from three sites to study suspended solids concentra-
tions. From 13 May to 18 June 1979, samples were collected
from Bat Creek at its confluence with Anderson Creek; from
Medicine Creek about 0.6 km from iﬁs confluence with Hat Creek;
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TABLE 3-1 - SURFACE WATER QUALITY ANALYSES -~ HAT CREEK STATION #1
Pate HAT CREEX STATION Mo, 1
8.C.Hydro Lab.
" Pargmater 2644474 1075477 2825478 876112 | 2276070 srrr posrsaa} asepatfaagaray s s st | vistm 17618 |7/67 18 /8718
y ;;n“?“l;“ h(i;?!) Diss. | Dise. | Pss. | Dise.| Disa., | Diss. | Dles. | Diss. | Otas.| 5das. | Toral | Dise. | Total Diss. | Total | Piss. | Toral Disg. | Toral §} Digs. | Toral
Alomipom (A1) . N . N N . N . <0.1 | 0.060| 0.077| 0,080 | 0.030] 7.8 0051 2.2 | 0.04 | 15.8 ] 0.008] 0.13
Arsentc (as) ] . * . * L " * <0,005 }<0.005 [<0.005 |<0.005 |<0.005 }0.005 j<0.00s |<0.005 ) <0.05 «0.005 | <0.005
Cadatum {Cd) )
Calcim (Ca) 42 59 60 37 57 60 | & 56 58 66 | 64 50 45 52 24 29 24.5| 32,8 65 63
Chromiim {Cr) » . . * * . * . * 1<0.010-|<6.010 |<0.000 J<0.010 {<0.010 [ 0.020 {<0.010 |<0.010}<0.01 § 0.09 [<0.010]<0.010
Copper (Cu) * * * * * . - * * 10.005 [|<0.005 |<0.005 ]<0.005 |<0.005 | 0.033 {<0.005 | 0.024 | ©0.016 ] 0.024 | <0.005 | <0.005
Lron (7e) 0.0 0.019 0.029 {0.022 [0.020 |0.014 | 0.014 { 0,030} 0.023 | 0.065 | 0.031 | 0.07 |o.057 | 12 o076 | 8.6 o083 | 15.2 | o022 017
Lead ()
Lithiwe (L1) 0.010 | 0.005 | ©.00410.003 | 0.004 |0.004 |0.005 | 0,004 | 0.002] 0.004 { 0.004 | 0.005 | 0.005 | n.004 | 0.006 Jo.0o0 | 0.004) 0.001 Jo.006 |0.004 }o.004
Hagnesivm (Mg) 13 1 n 12 15 22 19 17 19 .| 18 6 19 n 6.0 7.5 | 8.1 1.3 n 21
Hercury (dg)(pg/1) » * » » . - 0.25 » <0.25 {°<0.25 | «0.25 | <0.25 | <0,25 § <0.25 [<0.25 0.32 0.3 Jo.3s
Molybdenwm (Mo)
Bickal (i) " 0.014 ]0.054 |<0.010] 0.018] 0,012 |0.022
. Totassium (K) . ) - 1.2 |2.08 -
Salantun (S6) * * Jooos | * Joom | * * * * Lo.ooa ©.003 <0.003 [<0.003 | <0.003 fo.002 <0.003 | <0.003
| Seavm i) W otuls|sia foia fa{n]n | nln Y uw [ gialoefom fu Ta
Stroncium {Br) 0.24 o.3d o, 0.11] 0.16 § 0.3t | 0.24 | o0.25 | 0.29 | 0.24 | 0.24 | 0.25} o0.28 [0.26 |o.27 |0.095 [o0.14 0.32 0737
Vanadium (¥) s Jo.002 } 0.001] =« "« |o.001 [0.001 | 0.006 | 0.0060.003 | 0.003 | <0.003}<0.003 <0,003 | 0.019 io.ooz 0.021 [0.002 [6.062 {0.003 |0.003
Tine (Zn) o00f 0.005] a« Jo.010 - » fo.024 | 0.03% | 0.006] <0.005| 0.007] 0.019]<0.005 [0.007 |o0.055 io.m 0.031 ]0.049 | 0.061{ 0.006 | 0.006
Maoganesa (Wa) o.on| o.012{ o.00| 0.002 0.01 | 0.36 ) .
Silica (81 ss 510,) ) 1.9 | 2009
Titanium (T1) <@k 1.25
Barium (Ra) ' 0.13 G.14
!
% Denotes <HDC | .
: |
!
¥
t
|




TABLE 3~1 (continued) | .
bDate of HAT CREER STATION 1
Sampling .
Cirsotved Total D :
bﬁf—lmln Dins. Totsl - ;
Aumioum (A1) 0.044 .
Axsenic (As) . <0.003 i
Cadntim (C) . <0.005 - |
Calcium (Ca) Py !
oot (6} - - | o.m
Copper (Cu) . m.mﬁ Lo . : ! ;
Lron (Fa) : -¢0.01 . . I
lesd (P} <0.01 ’
Lithius (11) 0.004 : .
Maguesivm (¥g) 0 1. ° ' . _ i
Mercury (Ug)(ug/1) «0.28 J<0.25 )
1| Holybdsoum (o) 0.062 :
" mckel (U1) «0.01 l
‘ Potassiva {K) .32 . i
- Salenimm {Be) <0.003 . !
_ Sodium {Ma) _27 : 3
a § Sacontiun (35) T am | } N 3
Vapadiua (V) 0.003
Hoc (In) <0,00% : .
Manganess (Mo) 0,02
e F |
K




L e
-------------------I

TABLE 3-1 (continued)}

Data
(ug/L)
Pacameter
Dissolved Tota
AKIONS, ORGARIC,
| CALCULATED VALUES

26/4/717

1n/sin

24/5/1717

B/6/37

LZIGIT.’

T CREEE  STAN Mo,

1

571117 ho[?l??

4/8127
.‘Nu.

1479777 19 1w/ a7

Total

29/11 /7

Des. |Total

L/35/ 7%

Dise. Total

7/67178

Diss. Total

B.C.Hydro Lab.
176/ 718

Dias. | Toral

Diss.

23/8/78

Tatal

Boron (B)

0.2

0.1

«<.1

0.1

0.1 [<0.1

<0.1 0.1

<0,10 |<0.10

0.053

k. 10

<0.10

Chloride (C1)

0.718

1.0

0.63

0.88

1.0

1.3

0.78

0.92

1.3

0.30

1.4

Fluoride (F)

0.120

0.107

0.0%0

0,107

0.118

0.118 | 0.101

0.059

0.059

0.121

a.0711

g ¥

Sulfats (Sﬂ‘)

a1

56

65

44

52

45 41

51

47

50

23

70

Total=Kjeldabl~
Hitroges (N}

Nitrate-Nitrogen
(803 - N)

Nitrite-Hitrogen
(W3 - N)

Totsl-Orthophozphare-
Phoaphorus (P}

§-¢

Dissolved -Total-$o, -
Phosphorus (P)

Diss,
0.030

Ding.
9.056

Dies.
0.054

DMea.
0.051

Diss.
0.083

Dins,
0.049

Diss.
0.032

Dlies.
0.045

Disa.

0.C49 { 0.026

0.024

0.941

9.029

<0.05%

9.027

cop

15.

10

17

19

24

26

17 6

14

n

Phanal

Total llt‘mll(&ﬂﬂ;)

158

234

236

142

204

240 228

210 223

234

216

191

249

Total uhxnn,(c.m,)

143

0

230

149

198

236 243

250 234

235

220

97

87

240

X Saturation

* Denotea <MDC

—— Bt e e st Aty ==




TABLE 3-1 (continued)

AT CREEK STATION NO.l

axameler

iss. (D), Tota) (T
ANYONS,0RGANIC,
CALCULA VALUES

13/6/79
Disa.

otal

Boron (B)

<0.1

Chloxids (C1)

2.4,

Fluaride (F)

0.09%

Sulfata (ﬂ‘)

35

Totsl-Kieldahl~
Ritrogen (N}

Nicrate-Niccogen
(o, -n)

0.03

Nitrite-Nigrogen.
(%o, -K)

0. 005

Total-Orthophosphare-
Phosphorus (P)

st

Pissolved-Total N‘
Phosphores (P}

0,042

) 1

o sy v m———

Toral Hardpass(Cacd,) .

222

Total uhl:ln:l.ty(c.lm,)

3

X Baturatiom

.



TABLE 3-1 (continued)

Date _MAT CREEK STATION No. 1

R Lab

Parametar - :
besar1r\\1ssr17 2arsinr| sreraalazsssan] sparrrorrenassrne \uenrgsnorideannsad wsiisfisesis fiserra R/8I18 hayerry , .

Dlasolved Tota
PHYSICAL DATA (Mg/1)

pB (unite) 1.9 8.5 8.4 8.3 8.4 8.4 8.5 8.6 B.4 | 8.3 8.2 8.4 8.0 8.1 8.3 lg.s

’m:h-e 255‘2‘;‘ 1o 4390 520 { 350 440 547 520 520 508 s06 - | 485 436 | 190 170 557 | s16 '

Trua Color ) :
{Pt—Co Units) 2o

Turbidicy (41d) ' . 1.8

Temperature “c) ) .

Total residus 323 362 a3 288 313 383 351 3531 359 7 320 367 354 224 385 360

Filtrable residue 253 360 367 253 306 i 349 3353 346 324 6 286 138 158 361 352

Hom-filtrabla rasidue 70 2 16 5 7 3 2 <1 13 3 4 281 2186 65.5 4 8

i

I

- I

Fixed cotal cesidua ) !
i

i

Fixed filtrable residue

WS ]
34 Pixed nen-filerable

residue . ’

BETLEL X Sy - bl T i

P i ot = CE

By

PR Yoy



: a I A = e
TABLE 3-2 - SURFACE WATER QUALITY ANALYSES - HAT CREEK STATION #3
Dete of - HAT CREEK STATION NO. 3 ' )
(ma/L) Sampling L 13/6479
:::::;:j; o, 260120} 01/5/07) 207507 046137 | 2216473 5111 | 2007 1 340777 PAsITY 19010477 2911477 175178 746478 23/8/78
Toral (T) - (ATIONS Total { Diss. } Totsl ' Diss. | Total Diss.| Total | Diss. | Total | Biss. |Total
Alamimum (al) * * » . 4 * 0.005| 0.25| *° | <o.010] 0.032 | <c.010] 0.02¢ |o0.039 | 4.3 0.067] 8.9 | o.008 | 0.27 Jo.00s
Araenic (is) * . . * . * * * . <0.005 |<6.005 | <0,005]|<0,005 $<0.005 | <0.005| <0.005] <0.005] <0.005 |<0.003 §<0,005 )
Cadutun (C4) "|<0.005 :
Caleium (Ca) [1] (1] 59 29 57 61 60 57 57 &5 & &0 47 49 2% ) n 65 &5 53
Chrosium (Cr) . * * * * . * * . <0.010f<0.010 | <0.010/<0.010 |<0.010 | <0.010] <0.010] <0.010{ <0.010 | <0.010 }e0.00
Copper (Cu) * . * * * * * * * | <0.005{<0.005 | <0.005{<0.005 {<0.005 | 0.017] <0.005] 0.032]<0.005 [<0.005 jo.005
Tron (Fe) o.012 | 0.032] 0.032 |o.0m1 Jo.028 |0.018 | 0.010| 0.010] 0.026 | 0.025] 0.064 | o0.030 0.056 | 0.06s | 6.0 00| 1 | 0.023] 0.29 | 505
Laad (Fb) <0.01
Litbiue (L1} 0.011 | 0.005 | 0.004 {0.004 |0.004 ]0.005 | 0.005] 0.005) 0,003 | 0.004] 0.004 | 0.004] 0.004 } 0.003 | 0.004] 0.001 0.004 0.004 | 0.004 | o g4
Hagnesium (Mg) 13 20 271 12 15 21 19 17 18 18 18 15 19 20 6.0 85 | 20 20 2
Mercury (Hg)(ug/1} . » * * - * * .. 4 § <025 f<0.25 | <0.25 |<0.25 |<0.25 | <«0.25 | <0.25] <0.25] 0.35 | 0.37 § 0.30 |o.45
d Nolybdenum (o) 0.002
Wickel (i) : 0.015 | 0.033] 0.000f 0.023 <0.01
~ Potaseism (K) - f 3.3
. Salentum (Se) 0.004 | 0.004 ] . 0.003 . & *+ 10.008 ] <0.003] 0,003 <0003 | <0.003] <0, 0.00% <0.003 | <0.003 ko.op3
:ﬂ Bodlum (Wa) R 2% 25 14 1 f e 21 #n {a.l 0 : 0 18 0 | 6.2 62| 26 o |2
Stronctum (8t) 0.26 | 0.29 | 0.3 |0.20 |o.18 |04 | 0.25 | 0.26 10.30 | 028§ 0.24 | 0.22] v.28 J 0.2 | 0.20 | 0.10] 0.06] e | 0.3 pm
Vanadius (V) * 0.001 * . » 0,001 . 6.004. » 0.006] 0.006 | <0.00 <0.003 [<0.003 | 0,012 0.004 0.027 0.003 | 0.003 f0.004
Unc (Zn) # | 0.008| 0.011 0005 |o0.021 . o.084| o0.010] 0.007 | o0.010] 0.010] 0.024 0.010 | 0.008 | 0.029] o0.008] 0.071) 0.007 | 0.010}g.007
Msmaganess (Ma) , ' <0.005| 0.007 | <0.010f 0.010 0.01
4 Denotes <HDC
. S :




TABLE 3-2 (continued) 3

Dase of HAT CREEX STATION MO. 3
img /1. Sampling
Faramster .
Pisa. (B), Toual < 2| 1yysimf 265y ss s | sim | i ammjunim) 1snom 0117 sz 1/6/76 23/8/78 13/6179

L4 »
" CALCULAYED VALUES Dies. | Total | Piss. | Yotel | Diss. | Toral | Disa. : Totsl |Diss. | Total | pyg,

Soron (B) L] . * L a . * . d <0.1 J<0.1 <0.1 <0.1 <0,1 <0.1 «<0.1 <0.1 <0.10 |<0.10 <0,1

Chloride {C1) 0.95 1.3 1.3 0.70 0.83 0.9 0.85 1.1 0.88 0.82 0.92 1.4 0.42 1.5 1.4

Fluoride (V) o.088 | 0.207| 0.113] 0,082 | 0.227 | 0.108 | 0.120 | 0.122 | 0.091 0.036 0.079 0.123 0.072 032 bho -

Sulfate (30,) 35 56 64 34 42 66 0 41 41 2 45 50 b5 67 5

Total-Kjeldahl~-
Ricrogen (W)

Merace-Bitrogen . .
w0, - ‘ 0.03 .

Ricrica-Microgen

(nz -n) . 0. 005
Totsl-Orthophosphate- ' - .
Fhosphorus (P) _

Sdssolved-Total PO,
Phoaphorue (P)

0.030] 0.045] 0.062] 0.052 { 0.073 | 0.055 | 0.038 | 0.048 | 0.042 | 0.029 0.029 0.006 0.024 0.02% 0.038

e 2l
708 19 & 16 20 2 28 28 12 5 - 12 16 22 12 2 7

Total u-zduu(c-m;) 174 232 234 147 204 239 28 212 216 3% | 212 226 B84.6 245 227

Total Alkslintcy(CaCOy}{ 158 219 { 230 | 153 196 237 27 248 229 217 223 227 21 239 m

ms

% Saturation

& Danotes <MDE




TABLE 3-2 (continued)

Date of HAY CKEPK STATION MO. 3
Sanpling —

b ———

/4173 145770 26/5074 816171 2246177 511117 )20/3177) 348177 (16191Th9 10/ 782901/1] 175178 146178 | 23/8178) 1376176
PHYSICAL DATA (mg/L

PA (units) 7.9 | o5 | a4 | 83 ) osa | 86 | 85| 86 | B4 ] 84 | 8.2 | 8. |19 3. | 8.5 '
Spacific tence 20 598 e
(omhos/cm @ 250 ©) 380 410 530 350 446 540 530 5. 516 497 444 | 200 552 | s20 t
frue Colox !
{Pt—Co Dnits) . 1 :
Turbidity (NTV) 2.8 !
Tenperature (°C) i
Totsl residus 3% 155 383 270 308 Y/ 352 362 337 | 39 33| 412 | 447 383 | 355 '
Filtesble yesidus 258 350 367 23 300 n k1% 360 28 | e 328 2% | 152 w6 | ws ‘
Noo-filtrable residue 78 s. 1 2 3 a 7] 3 2 » | a 3 16 | 208 ? 0 ’

Lo Fixed total residus :

] ] !

g Fixed filtrable residee . )

Fized pop-filcrabls
rasldus

- —— v - -




TABLE 3-3 - SURFACE WATER QUALITY ANALYSES - MEDICINE CREEK .

Data of MEDICINE _CRERK |
(mg/L) ‘Sampling BCH Lab)
Parsmerex 145774 211379 648171 arst1rsfr0474 zmhql 6/6/18)6/6/78 ¥2178774 1176179
D"”""ggs"’"rnm D D b FI b “p D D b . > /]
Alumioom (A1) «0.010
Arsenic (As) . <0. 005 .
Cadutum (C4) <0,003 '
Caletum (Ca) €@ 57 61 8 { 60 3t 29 | 25| e0 | ¢ !
Chromium {Cr) <0.010 0,01, _
Copper (Ca) <0.005 7
1ron (Fs) 0.021 0,04
Lead (PV) <0.010 .
Lithim (L1) 0.003
Maguesiom (Mg) 29 20 2 |2 23 19 10 s | » n '
E Mercury () (ea/) | 0.5 ) i
—l  olybdenum (o) <0.020 :
Mickel (N1) . ’
) Fotassim (K) 25 | 22§20 | 2e |22 Jom|oer | Ls :
Selentun (%4) 0003 _ R ;
Sodium (Ma) ) nt-undufsofu as fbas [a 8 | 7 .
Strontium (8r) 0.44 '
Vanadium (¥) <0. 005 - i
Zine (Zo) 0.009 ; 0,005
Diass &by 05 | zo0 | 52| 102 | 121 109 i2.0s| 1
ml:::.t::n:::va 11.9 10.8 12.0 1
]
!
i




TABLE 3-3 (continued)

- e

" Date MEDICIMNE CREEX
(ng/L) of Sampliog
Parsmatar . ACH Lo
.. Joiss. (D), TorallT 1/5/11 Frnln 6/8/77 3rsrarhagner 1] 214414 1167184716178 ZIISI?*uuu
W AwLons, oxcaNIC, » » » P B - » » B b
TED ¥, 5 ;
Boron (B) . <0.1
Chlorida (C1) 0.30 0.35 0,20 0.26 | 3.16 0.80 | 0.24 0.35 0.44 0.5
Tluoride (F) 0.122
Sulfate (50,) 40 20 18 15 e {18 13 63 | = 13
Total-Kjsldakl~
Mitrogea {N) 0.26
Mtrata-Nitrogen
(0, -%) 0.04
l(l:;;t:;uum-  0.0010
Tocal-Orchophosphata~—
lf Phosphorus (F) 0.010 )
it
IS | Dissolved-Togal !0‘
Thosphorys (F)
1
7 n 20 L] 10.8
«9.062
“THoia) irdness(Caco,) | 272 156 | e |us |2 |50
Total Alhllnity((hcﬂ’) 188 255 263 262 256 169 111 110 260 268
[ 7Y
B.0. .
1 Satuzatiom
Phenolphthalein
Alkalinity (CaC0y) 5.9 4.9 1.3 ] &8 o

e i m——————— b —

e e e—— ey




TABLE 3-3 (continued)

i ' MEDICINK CREEK o _ i . -
l Pata of ,
Bampling . .
L Paramarer . Bl Lah 13/05/R5/5 14517 l
L. asigrrun | smpssafanenfasins s [inim nmn je |37 PRI POISITS Lasyspasfasisis|ar/s s 290511 IsI I RIGITS 4617 Jetélmy
DY rwvsrcu mn (a1 _ , g

}

t ¢t {uaice) 84 8.5 8.5 8.5 8.5 7.8 | 7.9 8.0 8,2 | 8.5 | 8.6 8.6 8.6 8.6 8.3 | 8.6 ] 8.7 8.7 8.2 8.6 53
Specific tance : F
“(umhas/ca § 23" C) 550 .| &70 500 482 473 38 | 220 200 500 | 479 } &80 539 560 386 602 | co6 604 | sa3 556 596 603
trus Colox - . 16 . ‘ N
(Pr~Co Untce)

Tuibidicy (NTU) 9,30 : 18 2 1.1

1 Tempazatura ("c} 7

! B
Total residus %1 n 389 | 400 » :

| Filtrable sesidus 159 304 322 ns 297 218 158 | 164 "337 | 08 | me 11 369 s 399 404 | 407 408 %8 196 389 :

- i
Mow-filtrable rasidus 2 ] 109 72 | wa <1 16 15 11 10 10 5 & 2- | 2 21 4 ? i
Fizad total reaidus 161 . .
$ [ p1aad 2eradle restdue] 260 - - : : . I
L : O
L Fixed won-filtrabls 1 . L
. u) gesidus - : i
Bettleable Matter ) . - PY PO . . 1:
[}
. . . : o _'f
. ‘ s
i
1
Page 1 . : .

e L
-




TABLE 3-3 (continued)

MEDICTHE CREEK - ! . o

Dage of
Sampling . . !
Paramgter lli_ﬁ? 10/6/7% 11]6[1!' lﬁlGITT MI&H* lﬁfﬁl'.'d 18/6/74

BY avscaL pata (mp/L

r_‘(wﬂﬂ | &5 8.4 8.3 8.5 8.6 8.6 | 8.6

Spacific tance
(ynbos/cm @ 257 &) 618 .| &6 H 620 613 616 | an

Trus Color
(Pt-Co Goirs)

Turbidity (WTD)

Temparatura (°c)

Total residwe 416 07 . 36 20 408 423 424

Filcrabla residue 1 an 401 N2 415 403 419 | 419

Mon-filtrable residus 3 L 4 3 3 & 5

Fixed total residus

Tixed fllcxable vasidoes

—rm i p———— v -

Fixed non—filerabls . =

- Sattlasble Matterx - . a 4 ) . .
- L (by weishi) me/L !

a—
.
+ R s S —

w . L]
. }
-
Lo * » . ¥ b
. * L
1
3
,
Pags 2




TABLE 3-4 - SURFACE WATER QUALITY ANALYSES - AMBUSTEN CREEK

AMBUSTEN CREFK
!
!

Date of
ma/L) Sampling 1L /06 /19
PaTamatsr
Iunol\rd ‘.)n ) T
A orsl (D - caTioNs »

Aluminus (A1)

Pt

Arsenic (As) ..
Cadaium (Cd)

Calclum (Ca) 66

Chromius {Crx) - Q.01
Copper {(Cu) )

e | et (o b i Y e—————
o

Icsa (Fe) |_o.03 )
Laad (Fb)

|

|

Lithim (11) !
Magnasium (Mg) 2 |
w Marcury (ng)(ug/V) ;
| Wolybdensa Gto) ' : ||
[

|

|

4

. Wickel (W1)
Pocaesiwn (K)
Sslanlum (8e) . , ' . i
o] bedlm ) 7.3 . % - ]

\l:xn:ini' (S5}

Vaosdim (V) ' ’ . i
i

Uac (Ia) l<b. 005 ' '

Silica (810,) . '.
Dissolved > Jogal 11 .
8ilica Pissolved . II

Molybdate Reactl 11




TABLE 3-4 (continued)

AMBUSTEM CRFEY
Data of ) ' - ;

Sampling . . : . "

Taxamater /06779 i

ss. (D), Yorsl (T T :

g ‘f ASTONS, ORGAKIC, \ D r . : .
' FM VALUES : )
Boton (B) ' ‘ ]
hloctds (C1) 0.7 ) ) !
Tlortde (1) : e ! ;
Sulfaca (U‘) 25

Tetal-Kjeldabl~ Lo . : .
Xitrogea (i) ) |
Ritrate-Nitrogan . . .

(50, -¥)

Miscita<Merogan.
(%0, ~4)

Tetal-Grthophosphate- |
Thosphorua {F)

Dissalved-Total 20,
_[Tmesphores (F)

o 91-€

k] : 5.9 |

et m-(ﬁn;} 1% ¥
Total Alkalimity(CaCOy)| 255

X Satuzagion

Phanolpbhchaletn
Alkalinity

——

8.7




o

TABLE 3-4 (continued) ) . i
AMBUSTEN CRERK - - [ . - -

Dats of
Sampling
Paranater

? PUYSICAL DATA (s3/L), [11/6/79
B (uaice)

Spacific Mﬂannn - -
(pmbosicn 255 ) | 490 ' . 1

froe Color . ' o . - .
{Pe—Co Unics) : i ' ' .
Turbidicy OnV)

Temparatura (°C) . ~ ' -

0.6

Total residus

Filtxable residus ’ 195

Wou-filtrabls residus <1 - .

Tixed zotal zesidus

2
!
—
~J4

Fizad filtrabls rasidus

Pixed moa-filcrable -
. o - . . i T

oy e —




TABLE 3-5 - SURFACE WATER QUALITY ANALYSES -~ HOUTH CREEK

. HOUTH CREEK | * :
Dais of —'
:::’l::ur l:ﬁlhl 12f ‘:l’ » : :
; t:ﬁlu‘ SD). o o T . . ;
Alumisue (A1) 0.020 ;
Arseaic (Aa) .. <0.003 :
Cadnirm (CO) . | <0.003 i-
Calciwm {Ca) % i
Chromtm (&) - {002 |- ' : ) ) - ;
Coppec (Cu) . o0y . - _ 1 ; i
iren (Fs) 1 o.s ’ . ' .
Laad (M%) <0,01 !
Lithiw (L1) <0.002| ft
Magnesive (dg) A6 ! '
Nercury (Bg)(vg/l) <0.25 } <0.30 ;i
[ Nolybdeman (o) 0.002 iy
b mickel (81) «0.0} : ”
?F'Quaaim N AT ' 1 I . j s'!
‘ mﬂd ) <0, , N U T !!-
odi (ﬂ)m 6k ol 2 L e e ' - A i I
Stroativm ($x) 0.10 ] ' | l
Vanadiua (¥) 0.003 - I
Iiac {ta) <0.005 : i ' -
Maagamass (Mn) <0.04 |
. ] ;
A




TABLE 3-5 (continued) » _ ) - I
HOUTH CREEK . - [ * -
Date of . .
Sampling . .
. Parametay Liarssye , I
? PEYSICAL DATA (mz/L
|:l (unice) a2
Specific Co tance
(::oolc. Qas' ¢y m .
Trus Coler .~ )
{Pr-Co Unics)

Terbidity (WTU)
Tempazature (°C)

Toral residus

Filtrable residus ) 153

Moa-filtrable xesidua 10

Fixed totsl residus

61—t

¥ized filtrable rasidus

Fixed non~filrrsbie
residue

s ]



TABLE 3-5 (continued)

B BOUTH CREEK \ R |
¥ T ’
N piring [ 12706 1 79 . . ' ‘
Paxanster ! : i . 7 ) ! |
ss. (D), Total :
AKI0NS, ORGANIC, ' A :
CALCULATED YALUES D T |
Boron (B) <0.1 ,
Chloride (€1) 0.4, : ' . ! :
’ 3 : , i
Tivorids (¥) 0.081 . ! , ' !
Sultacs (ﬂ‘) s
Total-Kjeldahl- :
Bitrogea (W) -
. Mlirace-Microgen . L ‘ H
H (ﬂ, -H) - 0,04 ;
1 Wicriza-Nitvogean .-
(mo, -) <0.003 ) ' '
“’ Tetsl-Orthophosphate- ] B - !
hny  J Thosphorus (F) : . 4
= . . .
Dissolved-Total ll!‘ )
© " Phasphorus (P) 0.026 ' ]
. H
- . i !
i Tocal lardnul(cam’) ‘N 100
]
| Toral Alkalluicy(CaC0y}] 435
: D 1 . .
3 ) .
»n.0.
I Saturatiom
: |
t
E '
’ ;
‘ 4
f [
I -




3.3

and from Bat Creek at the junction with Highway 12 near
the site office. Half litre water samples were collected
every second day, and then atored in a refrigerator until
shipped to Beak Consultants Limited for analyses.

The results are shown in Table 3-6 and Figure
3-1. The suspended solids (nom-filtrable residue) con-
centrations during the freshet ware lower than last year
likely due teo the lower freshet flow which was due to.the
lower snowpack. On average, the levels of suspended solids
at the Highway 12 junction were about two times greater than
the levels in Hat Creek at the junction with Anderson Creek.

On the evening of 25 August 1979, 20.6 mm of rain
fell in several hours. This intense rainfall caused rela-
tively rapid runoff over sparsely vaietated areas and down-
hill roads near Trench A. The ground did not have time to
absorb the volume of rain. Runoff was collected in the earth-
f111 dam, built below the crushed coal piles specifically for
this purpose. A 3=litre sample of this runoff was collected
and sent to Beak Consultants Limited for analyses. The
results of the analyses are presented in Table 3-7. These
results reflect the quality of surface runoff from disturbed
mining areas that may occur during periods of heavy precip-
itation.

Hat Creek Temperature Monitoring

Water temperatures in Hat Creek and Bonaparte River
were monitored during the summer of 1979, from 2 June to 10

September. This was a continuation of a programme
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TABLE 3-6 - SURFACE WATER QUALITY ANALYSES - HAT CREEK AT ANDERSON CREEK AND HIGHWAY 12

HAT CREEK AT ANDERSOM CREEK /ND HIGHWAY 12

¢Z-¢

\ Date of
.. Sawpling 13/05/79 15/05/79 17/05/79 19/05/79 23/05/79 25/05/79 21/05/79 29/05/79 3/05/79 2/06/79
Parsmeter .
caaeT ) Ac |mya2 | -‘5‘5—--1_ iy 12 | ac | my 12| ac |bwy a2 AC Ty 12 ':;(':" ;w; _" ""_‘56” Wy 12 | TA T ey 12T A Ty i2) AT |y 12
Conductivity umho/cm 349 416 286 383 | 363 366 | 289 B4 193 420 341 356 324 361 398 426 411 | 450 2| 419
Filtrable Residue mg/l] 239 268 191 251 259 237 199 244 268 269 2% 239 235 235 275 m 280 | 272 64| 287
Nonfiltrable Reeidue 5 7 L] L4 6 9 ) 15 32 48 10 37 14 26 L 10 10 9 14 il
wg/1 D I U R )
o 8.4 8.4 8.4 8.4 ] 8.4 8.4 | B.5 8.4 B.4 8.4 8.3 _] 8.3 8.4 8.4 8.4 8.4 8.5 | 8.5 8.4] 8.4
Nonfiltrable l;aldue 1.4 i.6 1.5 s LS A7 1:9 1.3 0.9 1.4
Ratio
Date of
Sampling 4/06/79 6/06/79 8/06/79 10/06/79 12/06/79 14/06/79 16/06/79 18/06/79
Parameter i
CHART #2 AC Huy 12 AC Wy 12 AC  [Hwy i2 A |y I2 mﬁ-rﬁw_y_li‘ AC | vy il AC Ry 12 AC Wy 12 - . b
R eyt =y Ty " ——— -
Conductivity pmho/cm | 382 406 187 421 413 442 447 468 a74 | 24 475 479 A5l 475 477 s00 -|
Filtrable Residue mg/l | 273 293 269 284 298 208 309 38 329 | 166 33 226 07 119 k3 38
Nonfiitrable Residue T T O T —F T -3 = - I
=g/l 14 12 12 1 9 1 s 10 10 63 7 1 * 15 5 7
pH 8.4 8.4 8.5 8.4 8.4 8.4 8.4 8.8, 0.4f 8.3 8.3 8.3 8.3 5.3 8.5 5.3
nenfiltrable Residwe. T T - ' T ; ‘ T - B Bty
Ratio 0.9 0.9 1.4 2.0 6.3 1.6 n.D. L4
1
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TABLE 3-7 - SURFACE RUNOFF QUALITY AT CRUSHER SITE DAM
Sxuphex Bits Pam - Rain Runoff ! :
Date of
(ma/L) Sampling
Pacamacer 297 8/1 719
Y ‘né'!::l"“n fn:;iﬁms biss Yotal i
Aluninus (A1)} <0.02 i
Arsanic (As) .. <0001 |
Codutun (Cd) . <0,005 |
Caletum (Ca) 100 1 ’
Chromium {Cr) <0.01 |
Coppar (Cu) 0.005 i
Iroa (Ye) 0.07 ' [
Lead (1) .01 |
Lithiam {L1) 0.02 ]
Magnastum {Hg) 1) |
1 sercury. (ugduaf1) Heo.2s
A Wolzbdesun Gic) 6.042
(' Mickel (M1} ko.01
1 votassimm () 9
T telentom (s0) ©.003 .
: ™) % .
* Brvontivm (85 0.4 1B
Yanadium (V) 0.009 |
Unc (Ia) 0.m3 |
Baryilium <0.0003 ‘
llnnlln' . 00006
Manganaes 0.11
Thorium 0,10
k -
n
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TABLE 3-7 {(continued)

Crusher Site Daw - Rain Runoff

Date of
(g, Sampling

Paxaxater

Jiss, {D},Totad (F
JET0%S, ORCANIC
LATED VALOES

29 /8119

Jotal

Sorca (¥}

0.2

Chlezide (C1)

1.2.

It

Plucride (F)

0.127

Sulfaxe (00‘)

350

Total-Kjeldahl-
Nitragea (N)

Mltzace-Nitrogen
(w, -u)

3.5

Nitxite-Mitrogen. -
(a0, )

Iatal-Orthophosphate-
Fassphorus ()

Dissolved-Total 1'0‘
Posphorus {F)

Phannl

Total Bardpass (c-oo;)_.

390

Total nmmn(c-ea,)

70

 }

X Satuzation




TABLE 3-7 (continued)

— . Crushar Site Das - Bain hunoff i . )
Dutc of ]
Buampling
Parametor I
7Y sevarcar oo .
(&' vuxsrcar paza SN P
pll {units) 7.5 —] N
| Specific Conductance —
Gumboufen @ 25° C) 86
Trus Cutor ) J—
(Fr-Co inics)
Tuxbidity (NIU) 5.2 1
Temperatute (°C) -4
Tatal residue
Filerable resldue 738
Hon-Eilrxable rssidus n

Fixed total residua

Yixwd filtrable residue -

Fixed won-filerable
residue

14




conducted from 20 August to 5 Octcber 1978.

There vgs&tﬁree stations in Hat Creek (1) at
Anderson Creek; (2) at Highway No. 12 junction; and
(3) at the Bonaparte River. These were located in
shaded or semi-shaded areas. Station (4) was in the
Bonaparte River just below Hat Creek in a semi-shaded
area and station (5) was in the Bonaparte River just
above Hat Creek i{n an unshaded area. The location of
these five stations is shown in Figure 3-2, Peabody
"J" thermograph recorders were instailed at the same
five locations as in 1978 except for positions (3) and
(4). Station (3) was moved 40 m upstream from the
original site while station (4) was relocated 150 m down-
stream, both to more suitable positions, The five thermo-
graphs were calibrated regularly. The results of six
calibrations are shown in Table 3-8,

Table 3-8 - Calibration of Peabody Thermographs

Thermograrh 31 May | 2 June | 10 Sept | 11 Sept {1l Sept | 18 Sept
Station No.

1 23.29¢ | 18.20¢ | 19.5% | 21.19¢ |21.39C | 24.9°C
2 (14.2) | (8.2) 18.7 20.7 20.3 23.5

3 23.7 18.3 19.1 20.1 20.3 24.3

4 23.0 17.8 18.7 20.3 20.4 24,1

5 24.5 18.0 18.8 20.8 20.8 24.3
Mercury

Thermometer - - - 20.4 21.6 24.7

3-26
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The thermograph at statfion (2) was not installed until
19 July because of calibration problems. Maximum-minimum
thermometers were not used in this programme during 1979.

An iron stake was drivemn Into the streambed. The "J"
was then rigidly tied on at the bottom. Two safety lines were
secured to different points on the bank. Four of the "J" re-
corders were resealed using silicone grease and then secured
onto the stake in a loose, reclined position. Subsequently,
one thermograph recorder was opened and tampered with by vandals.

Because of drops in the water level downstream from an
irrigation pumphouse, the recorder at site (3) had to be moved
twice to deeper water. The first move was required when the "J"
was no longer submersed. The second move was needed when the
creek dried up completely, from the mouth to 160 m upstream. The
gsecond move was to the bottom of a pool where the creek terminated,
about 12 m above the original gite. After the irrigation pumping

was discontinued, normal water levels were reestablished.

The maximum and minimm readings from the thermographs
are recorded in Table 3-9. Comparisons of the temperatures at
sites (3), (4) and (5) indicate that Hat Creek has little effect
on the temperature of the Bonaparte River. The springs below
Houth Meadows may have a moderating effect on the Hat Creek
wvater temperatures as determined from comparing minimum temper-
atures at sites (1) and (2). Duriné the summer months, the Hat
Creek temperature increased approximately 4°C from Anderson Creek
to the Bonaparte River, a distance of about 32 km. There were
periods in late June, mid July, ami mid August when temperatures
exceeded 20°C. The maximum temperature in Hat Creek was 249C at

3-27
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TABLE 3-9 ~ MAXIMIM AND MINIMUM RIVER TEMPERATURES

lnnn HAT CREEX BOMAPARTE RIVER : llM‘l‘l. HAT CREEK BONAPARTE RIVER
IISH STATION (1) STATION (2) BTATION (1) STATION (&) STATION (3) t 1919 STATION (1) ETATION (2) STATION (3) STATION (4) STATION (5)
[JUNE 2 - 12.8 - - - 17.3 - 16.8 - 6.9 , JULY 22 - 11.4 17.1 16.3 21.1 - - 17.5 20.3
3 8.2 114 - - l12z0] 153 1123 15,3 12,5 | 158 23 - - |1s fur? jie2 ] 208 - -1 165 | 19.7
4 25§ 1.1 - - |l 30| 14,8 {128 | 14.9 ] 13.0 | 15.0 ' 24 - -~ J1Lo |16.0 |15.5 | 19.7 - -] 1591 18.8
H 8.6 § 11,2 - - buea | 12,7 (2.2 | 3.7 § a2 | 140 : 25 - - 9.9 ji16.4 [16.2 | 19.8 - «1 153 ] 19,5
6 7.9 9.4 - - o3| 1.9 {110 12,5 § 11.0 | 12,6 26 - - 9.6 |61 - | 210 - -] 15.7 ] 20.5
7 6.9 | 10,4 - - 8.4 | 13,3 [ 10.0 | 14.0 | 10.1 | 1.1 27 - - .8 | 12,5 - - - -1 15| 2.0
3 7.7 | 1.1 - - 9.4 | 141 |10.6 | 14.0 | 1.0 | 148 8 - - | w3 |1s.2 - - - - - -
9 a.s | 131 - - || 263 |11.8)] 168 | 12,0 | 17.0 29 - |15 9.6 | 135 - | 19.4 - - - | 18.7
10 9.0 { 12.2 - - | .6 | 16.0 | 12,8 | 16.0 | 13.0 | 6.0 0 12.3 | 164 9.3 |16.7 {158 | 21,0 - -1 16.2 | 205
7 10.0 [ 130 - - | t2.9 ] 16.3 [ 12,0 | 16,0 | 13.0 | 15.2 3 13.2 | 16.1 9.7 6.9 |16.7 | 21.6 - =1 a2 | 2
iz 9.2 1 13.1 - - | mno| 6.0 |12.3] 15.9 | 12.7 | 161 AUG 1 12.7 | 16.3 9.0 {t7.0 |158 | 2000 - -} 16.5 ] 203
13 9.6 | 12.0 - - | o | 145 12,0 | 4.6 | 12,6 | 15.0 ; 2 12.8 | 15.6 9.7 |15.2 |15.7 | 20.2 - -] 16.5] 19.4
14 8.8 { lo.s - - |19 | 148 j11.6 | 146 | 11.8 | 150} 3 12.8 | 13.8 9.8 |t2.9 |15.7 | 19.0 - -] 16.2 ] 18.8
15 7.8 | 10.0 - - 9.7 | 153 10| 140 | 11,3 | KK i & 1n.o | .o 9.0 .5 |14.0 | 18.8 - -1 w9 | 18.2
16 8.3 9.7 - - 1.0 13.0 1.7 13.5 12.0 14.0 ' 5 12.0 14.5 10.0 §5.5 - - - - 16.0 19.8
17 8.8 | 12.6 - - {no| 1.s [12.0] 17.0 | 12.3 | 12.3 : 6 11.0 | 13.4 8.8 | 144 - | - fis.2] 150 -
18 9.4 12.3 - - 12.4 17.3 11.2 17.1 137 §7.7 : 7 10.0 13.5 8.0 14.9 14.0 18.8 14.4 18.6 - -
19 10.0 | .10.8 - - 1o | 150 |13.7 | 1a8 | 1.0 | 15.2 8 10.6 | 14,2 8.8 | 150 9.0 | 15,8 |17 | 19.0 - -
20 8.9 | 10.4 - - e | 152 j12.8] 151 | 13.0 | 155 9 1.1 fis.0 6.8 |15.2 Jus.7 |asr 147 | 193 - -
w 2t 8.1] 1Lo0 - - .| 158 §12.6 ] t60 | 13.0 | 16.2 ! 10 1.8 158 8.6 |16.0 147 [ 9.2 |15.2 | 19.4 - -
i 22 8.2 | L4 - ~ | w2 | 152 {12.3] 15.2 | 12.8 | 15.7 . 1 12.9 [ 15.5 9,3 {159 |16.0 | 208 |16.1 { 20.0 - -
ro 23 8.2 | 12.0 - - | 0.7 ] 167 {119 ] 15.9 | 12.3 | 16,8 : 12 15.8 §15.2 8.4 | 16,1 - |99 |15.0 | 201 -] 20.4
o 24 8.3 | 12.5 - - |y | 1.7 j12.0] 6.7 | 12,3 | 17,0 13 12.7 5. 8.8 |15.4 Ji15.9 | 21.2 J15.9 | 2001] 16.2 | 206
25 9.4 | 13.4 - - | e | 187 {121 ) e23 | 12,7 | 17,8 14 13.0 | M.8 9.7 1136 J16.4 |18.1 |60 Jt7.5] 6.6 | 17.8
26 9.7 | 147 - - [12.4 ] 200 [13.0] 8.5 | 13.3 | 19.0 15 13.5 [14.5 [10.2 2.3 Jasaa | ars | 15.5 | 164 | 6.0 ] 16.8
27 10.8 | 14.8 - - [13.9 ] 21.0 | 144 | 19.6 | 1.8 | 20.0 : 16 13.0 [14.7 |00 145 157 {200 |48 188 15.4 ] 19a
28 lo.e | 15.0 - = fug | 2.2 | 7] 190 | 149 | 19.4 ' 17 12.7 | 14.2 9.3 |12.6 |15.3 Jir.7 [15.5 | 16.3] 16.1 | 17.7
- 29 10,7 | 13.8 - - | 1.0 | 19.0 | 1.7} 18.2 | 14.9 | 18.7 ; 18 1n.s |1.s 8.4 124 Jrae 172 | as.9 {1r.0] 15.5 ] 17,3
] 20 103 | 11.1 - = [ 18| 14,7 [ 14.0] 168 | 344 | 149 ' 19 1.7 | st 8.7 [14.7 J14.7 {t9.0 J 048 {1072 15.2 ] 191
1 8.5 9.1 - - | 1.3} 138 f12.3 ] o | 12,7 | 142 i 20 12.7 {47 9.5 §13.3 fJ15.0 J19.0 |57 {18.2] 16.0 | 18.7
2 1.1 4.0 - - 2.7 § 12.0 | M.0 1 §2.7 | 104 | 120 h ) 12.7 {153 9.4 161 155 | 19.2 Ji5.4 {180 - -
3 7.8 | 1.8 - - %71 1.6 | 11.0] 156 ] 11.2 | 15.8 ! 2 13.5 18,0 9.7 J1s.2 ji6.2 }20.7 6.2 {199 - -
4 9.7 | 10.7 - - F1z3 ] 156 13 w9 | 132 | s ! 73 13.2 157 9.7 [14.2 15,3 |19.7 f16.5 190 - -
5 9.4 12.8 - - 12.2 16.0 13.3 15.9 13.5 16.0 . 24 13.6 14.6 10.1 13.8 16.3 19.0 16.5 18.6 - -
6 10.4 | 14.0 - - j13 ] 19.2 | 140 | 18.6 | 14.2 | 18.7 ‘ 25 1.8 §14.0 8.2 j1a.0 |15.3 |88 Y9 |87 - -
7 12.5 ] 13.2 - - | .y | 178 sz | 125 | 15.4 | 180 : 26 1H.s | .8 9.7 J15.2 |7 |97 {149 | 19,5 - -
8 10.8 | 13.1 - - | 137 ] 17 | 63| 17,0 | 248 | 17,3 : 27 12.7 [w.5 |10.8 146 [15.7 | 8.6 | 15.0 | 18.7 - -
9 11. 1 13.0 - - 13.7 18.3 14.0 17.1 14.2 17.4 i 8 12,7 15.7 10.2 15.8 14.7 19.7 14.8 19.0 - -
10 12,0 | 13.2 - - | 1a9 | 17.4 | 148 | 17,0 | 15.0 | 17.3 ‘ 29 12.3 | 15.6 9.5 159 |is.2 |19.4 Jis.0 | 1900 - -
1 TRE Y - ~ (1.5 | 165 | k.0 | 167 | 14.3 | 32,0 30 12.0 |15.0 9.0 f1s.0 |37 |ass {147 |18 - -
12 - - - - 13,1 | 16,0 | 13.7 | 16.0 | ti.0 [ 16.0 31 12.6 | 13.7 9.8 |17 - - 157 | 170 - -
13 - - - - 128} 17,0 | 3.4 | 16,5 | 13.8 | 16.8 [sEPT 1 12,0 | 13.8 9.2 |12.8 - - {146 ] 17.0 - -
14 - - - = | 13.9 ]| 8.7 15,0 | 17.64 | 4.4 | 18.6 2 12.0 J13.7 9.0 |13.7 - - | .4 1 17.0 - -
15 - - - = | 1.0} 202 | s | 181 | 13.9 | 19,3 3 1.0 {12.4 8.0 |12.¢ - - {144 ] 15.8 - -
16 - - - - 14.2 2].0 13.5 18.8 15.0 19.9 & 10.0 11.6 1.7 10.3 - - 12.5 14.5 - -
17 - - - - |l1s.6 ]| 2207 {165 ] 201 | 15.8 | 21.0 5 10.0 12.2 .0 |12 - « V12,2 ft1s.0] 12.8 | 15.2
18 - 16.3 - - 16.0 23.7 17.2 - 16.6 - 6 %.7 11.2 7.2 11.0 - - 1L.6 13.8 12.2 14.2
19 1.0 17.1 - - | 172 | 2.0 - - - 122 7 9.2 |12 1.3 | 1.8 - - jmz |wz] e} 18
20 13.7 17.8 12.9 19.3 7.7 22.7 - - 18.3 22.2 8 10.5 12.2 %.0 12.5 - - 13.0 5.0 - -
21 - - 13.1 18.0 19.3 21.6 - - 18.8 21.0 9 10.0 - 8.7 12,4 - - 12.4 14.6 - -
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site (3) on 19 July. The minimum temperatures usually occurred
at 7:00 a.m. and the maximum temperatures at 6:00p.m. Because

of the shallowness and turbulence of the creek, depth was not
considered as a factor in the analyses. As shown in Figure 3-3,
the water temperatures are more closily correlated to the weather

than to flow rate.

Several observations were noted during the programme.
An extensive filincntous algae bloom clogged the creek at site
(2) for over a month in July and August, At all of the sites,
large numbers of caddis fly larvae, parasitic worms and micro=-
organisms attached themselves to the "J" thermographs. During
the lowest water level period, Eevetnl deep pools had large pop-
ulations of two species of fish. Two dead fish were found during
the warm weather, but the cause of death was not determined.

‘Hat Creek Flowrate

During the period 15 to ZSiﬁ?gust 1979, a segment of Hat
Creek dried up completely. This sdjhent was from just south of
Trench B to about one km downutrclﬁl;here the creek was fed by
springs in the flelds below Houth Mekdows. About 1.5 km upstream
of the Trench B area there was a small flow in the creek. The very
low snowpack, the dry summer and c:ténaive irrigation contributed
to the lack of water in Hat Creek. The flow in segments of Hat
Creek has been known to dry up completely in the past. These
occurrences are probably due to excessive extraction of water from

the creek for irrigation purposes during the dry summer months.

When a segment of Hat Creek dried up in 1979, B.C. Hydro
vas accused of causing the lack of water in Hat Creek. A profess-
ional groundwater hydrologist visited the area and confirmed B.C.
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3.5

3.6

Hydro activities in the area had no appreciable affect on
the flow in Hat Creek.

It was also suggested that the Trench B excavation
near the creek might be reducing the flow in Hat Creek.
Gauging stakes were Iinstalled in Trench B and in Hat Creek
adjacent to Trench B to monitor water levels in Trench B
and in Hat Creek. Water level measurements in the fall of
1979 showed that the levels were similar. It is planned to
continue the monitoring of water levels at these two locations
during 1980,

Groundwater

In June 1979, samples of water were collected from
wells established in 1977 for groundwater monitoring. Samples
from groundwater wells #2 and #3 near Trench B were collected

and praserved by Acres and sent to Beak for analyses.

The results of the groundwater quality monitoring pro -
gramme are shwon in Table 3-10 and 3-11. The groundwater quality
for well #2 in 1979 showed no significant variation from the
previous years. The 1979 results for well #3 show noticeable
decreases in aluminium, caleium, and iron compared to 1978 and
the concentration of non-fi{ltrable residue increased greatly.

'Waste Coal Leachates

In 1978, leachate samples were collected from specially
prepared sites at the base of the ccaly waste and low grade piles
for study. Three samples were taken in April, June and August and
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" TABLE 3-10 - GROUND WATER QUALITY - WELL #2

Date of J CROUNDWATER WELL MO. 2
{wg/1) Sampling | 7/6/77|2vs6/1H 67111 200212 20/10/77 0/11/77 8/6/78 22/8/18 —————
rarametey . 1 2106[ 79
Diasclved (D),
Total (T) - CATIONS Disx. | Total | Diss.| TYotal] Dies. ] Total | Diss. | Total Nise, | Total
Aluminua (A1) * ) o0.010 | 0,03 ]<0.000| 0.68 | 0.000| 0.40 |o0.003| 0.28 | 0.009| 0.30 | 0.005
Arsenlc (As) * ] L] & <0.005 | <0,005 [ <0.005 | <0.005 |<0.005 } <B.005 ] <0.005] <0.005; . «0,005
Cadaium {(Cd) .
Caletum (Ca) 64 15 &5 66 79 79 59 57 57 59 59 66
Chromtum {Cr) - " * & <0,010 | <0.010 §<0.010 | <0.010 |<0.010 | <0,010 | <0.610 | <0.010| <0.01
Copper (Cu) . » ) & 1<0.005 [<0.005 {<0.005 | <0.005| 0,082 [ 0.G19 { <6.605] ©O.006 0.006
[ 4
Kron (¥e) 0.03 { 0.024 { 0.035 ] 0.23 | 0.026 | 0.44 | 0.011)] 0,42 }Jo.005] 0,28 | o.035| 0.3 |<0.01
Lead (Pb)
Lithim (L1) 0.003 | 0.004 | 0,005 | 0,004 | 0,004 { 0.004 | 0.003} 0,003]|0.002} 0.002] 0.003] 0.003] 0.004
Magnesium (Mz) s |as 16 16 1 17 13 14 1" 14 15 1?7
v | Tercury () (us/l) s * * * |<0.25 [<0.25 [<0.25 {<0.25 {0.27 | 0.32 |} 0.37 } 0.37 | o0.26
1 Molybdenum (Mo)
(W3]
—
; Nickel (Rt) , 20.010 |<0.010 <0.0L
Potasaiwm (K)
Selenium (Ss) ¢.006 | ¢.003 A 0.004 | 0.004 0.003 0.003 | <0.003 | <0.003 | <0.003] 4 5oy
Sodium (Na) 18 18 18 18 18 19 20 16 17 13 33 29
Stromtivm {5r) 0.20 {021 |o.28 |0.23 | o.24 [0.24 |09 | 22 Joou Jo.32 | 024 | 022 ],
Vanadium (V) ) * * * 0.001 | 0.003 | 0,003 |<0.003 | 0.603)0.002 { 0,004 | 0.0056 | 0.006|0.004
Zine (Zn} . 0.014 ] 0.008 | 0.041 {<0.005 { ¢.011 | 0.022 | 6,007 |0.005 | D,010 | D.001 | 0.029 |<0.005
Manganeee (Mo) ) 0.085 | 0.092 | 0,002 0.02 - 0.05
i
* Denotes <HDC
i




TABLE 3-10 (continued) )

Date of GROUNDMATER WELL WO. 2

,"‘“’ Ssmpling 1776777 | 21/8/73) 617177 | 2017174 2010477 30/11/17 8/6/78 22/8/78
aTameLar 1"0ﬁ179
Joiss. (D}, Toral (r
AKTONS, ORGARIC,
CALCULAYED VALUES : Diss, ] Total ] Diss. | Total | Pise, | Total | Diss, | Toral DPiss. | Total

Boroa (B) b » * d «0.1 <0,1 <0.1 <0.1 <01 | <0,1 | <0.10 | «0.10 | <0,1

Chloride (C1) 1.7 1.4 1.3 1.3 1.0 0.88 1.4 1.4 1.9

Fluoride (P) o0.104 ] 0,128 | 0.135 | 0.146 0,140 0,107 0.14 0.18 |o.152

Sullate (30‘) » A3 54 48 120 61 57 41 64

Totsl-Kjaldahl-
Hitvogen (W)

Mitrate-Nitroges ’ ' .
(ml ) 0,17

Nitrite-Ritrogem
(liﬂ: -K) <0.003

Tocal-Orthophosphate-
Phoapborus (F)

w I Dissolved-Total PO
f%] &

Fhosphorus (P} 0.032 | 0.033 | 0.043 | 0.009] 0.12 0.015 0.017 0,020 0.028

cop
TO0C 22 32 24 50 12 2 10 <2 ]

FPhemol

Total u.rdu.u(cacos) 12 249 28 m 267 01 200 205 233

Total ﬂhlinlty{ﬁaﬂ,) 29 232 m 241 200 ) l';‘i 208 232 253

IODS

T Saturatiom

* Denotes <MDC




TABLE 3-10 (continued) °

Date of
sampling  |176/m7 | 2006074 61212 Lomn R0/10/170/11/77] 876778 |22/8 /18 womL SROUMUATER WELL 0. 2

Facamater

PHYSICAL DATA (sg/L

Pl (unite) 1.6 1.4 7.4 1.6 7.4 1.7 7.6 7.7
Tpecific Condugta .
mbosfom 8 255 C) . 510 | 520 | 5m | se0 | sez | s | 470 | 54 | som
True Color
| {Pr—Co Units) .
Tarbidity (NW) 1.8 2.5

Temparature ("o

Total reafdus 358 {370 | 409 | 287 Jsox | 38 | sz | ass [ 3
Filerable residus 3% MM 3o 9 389 304 310 350 38
‘Mou-f1ltrabls residua | 24 Y 9 8 135 T 7 s |s '

Fixed total rasidus

Fized filtrable rasidus

Vixed non-filtrable
renidus

EE-£

* Denotes <HOC
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TABLE 3-11 - GROUND WATER QUALITY - WELL #3

Dete of CROUNDMATER WELL Mo. 3
(mg/L) Sampling
i :::::;::: m, 116177 J 216/ 77| 611177 2onnz| e/ /1101 18/6/78 22/8/18 12/6/19
W Tocal (I} - cATIONS p_|.1 e L ] LS S
" Alumisum (A1) ] ] * 0.057 * 0.7 11 |o.32 {16 v.o27 J & | o

Arsanic (As) * L] * . b <0.005 | <0.005 | <0, 005 }<0.005 | <0.005 | <0.005 <0, 005
Cadalum (Cd) 0,005
Caletum (Ca) 260 260 230 250 130 310 2% %0 300 320 56
Chrantum (Cr) # * . » * |<0.m0 | <0.010] <0.0104 0.023 | <0.010 | <0.000 |
Copper (Cu) 0600y | » .| » s * 0.006 | 0.0141 ©.024} 0.087 | 0.020 0.095} , .,
Iron (Fa) 0.060] 0.081 § 0.23] 0.25 0.19 | 0.039 | 2.6 0.1 | 1 o025 3 | 500
Laad (P0) 0.01
Lithim (11) 0.064 | 0.063 | 0.067 | o.007] o.055) 0.060 | 0.060] 0.12 | 0.12 ] 0.15 | 0as Jom
Magnesiva (Mg} (1] 8 1] " &s-| 9 10 10 | 00 120 |97
Mercury (Wg)sg/l) . . . * 0.63 ]<0.25 1<0.25 | 0.45 | 0.57 ) 0.3 [0.59 "] 0,26 ] 0.49

"i" Molybdenus (o) 0,003

(}‘: Nickel (M1} 0.010] 0.03% 0,01
Potsasium (K} ) 18
Selenium (Se) . » * . . <0.003 0.006 | <0.003)<0.003 | <0.003 f o o0
Sodfum (Wa) 360 180 400 | as0 o 460 450 A60 seo | ss0 ..,
Strontium (S¢) e.712| o0.720 21| 0.9 1.8 1.1 |11 1.5 {098 | 1.9 1.9 2.4
Vansdlm (V) . * 0.008 | » 0.003 | 0.005 | 0.006 | 0.004{0.029 [w.;0 [o.070 |o.ool
Ztoc (Ia) 0.024 | 0.016 { 0.002 | 0.13* [ 0.20 | 0.8 | 0.018] 0.031]0.083 | 0.017 o.oujo-ou
Masganese (Ma) 1040 | 0.40 +0.01
* Denotes MHOC
f Contemtnacion Suapdcted




TABLE 3-11 (continued)
Date of ' GROUMDMATER WELL Mo, 3
Sampling

~ [o1as. (D), Total (T, usirrpue/rr | eir/rporatirf atern| o s 1| si6ys8 b22z7a7 08 12706229
ANTONS ,ORGANIC,

CALCULATED YALUES D T ] T D T D T '
Boron {B) 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.66 8.87 0.69 | 0.81 0.3

Chlorida (C1) 7.4 1.5 7.3 | 7.4 1.7 1.8 20 1 n -

Flworide (7) 0,]105) 0.134 | 0.13410.133 | 0.135 0.127 0.12 0.3L JO.529

Sulface (”‘) 1400 § 1300 1360 1280 1380 3800 1500 1800 1100

Total-Kjaldakl -
Nitcogen (M)

Mitrate-Nitxogan
(w, - L5

Bicrie-Bicrogan k0. 005
(w0, -#)

g Total-Orthophosphate~

Phosphorus (F)

Pisselved-Totel PO,
Phoaphorus (1) ¥ 003 | 0.035| 0.046 | 0.034] o.048] 0.024 o.018 0.012 0.035

cop

T0C 97 102 | 1 80 61 28 10 95 2
Pheaol

Total Herdness(cac) | 983 | 924 | 987 | sa2 un 1180 nel a2

Toral Alkslfeiry(CaCO,}] 464 | soe | sie | s72 | ses 458 562 646 77

»e,

X Saruration




TABLE 3-11 (continued)

GROUNDMWATER WELL Mo. )

PUYSICAL DATA (sg/L 16/ V61 TIY 611177120/2177 uun]laolun mmh zzlshnL“,,, ;

P (umice) 7.8 | 7.3 1.2 | 1.3 1.3 7.8 ] 7.8 1.3 7.9 ;
Bpecific tance -
(smbon/cm 8 25° ©) 3000 3000 | 2970 | 3030 | 3030 [ 3380 | 3600 | 315 | 3730 i
True Coloy : . ) ll
{Pt—Co Bmics) .
Yurbidicy (NTO) 560 {
Temperatura (‘c) i '
Totsl residua 2871 | 2807 [ 2845 | 2851 | 2846 3246 | 3770 | 164 [adso :
]
Filivable residus o l2me Jzro0 | 2890 | 2740 3050 | 3280 | 3185 ]amse
: }
How-filtrabla reatdue | 161 147. | 112 161 106 196 | 49 179 {1200 :

Fized total residus

Pized filtrabls reaidus

"l
| T Pixed non-filtrable _ {
] residus




then daily collections were made in September, October and
November. From the onset of the spring thaw, 1 March, until
31 December 1979, the dafly programme was continued to further
investigate the characteristics of the leachate flow.

In Table 3-12 and Figure 3~4 the volumes of leachate,
average ambfent temperature, and daily precipitation are pre-
sented. Several samples were sent to Vancouver for detailed
analyses. The results of these analyses are pregsented in
Table 3-14,

The response to rainfall was slow, and at times non-
existent, until August, September and October, when the volumes
increased dramatically immediately after it rained. Decreases
in the leachate volume from the coaly waste piles corresponded
to drops in the temperature to below 0°C, whereas only slight
increases occurred in the flow after rainfalls. From the day
the frost broke until it set again, there was a relatively
steady flow of leachate from the coaly waste pile. The reasons
why the flow remained relatively comstant are not known.

From 1 March to 31 December, approximately 1245 1 of
leachate came out of the coaly waste pile while 66 1 came from
the low grade pile. During this time, 129.5 mm of rain fell.
The volume of leachate collected from the coaly waste pile was
about 0.9%7 of the volume of rain which fell onto the pile. This
figure disregards the smowfall. The volume of leachate from the
smaller low grade coal pile was about 0.2% of the rainfall onto
the pile.
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TABLE 3-12

LEACHATE FROM COAL WASTE AND LOW GRADE COAL PILES

DATE RAIN COALY WASTE LOW GRADE COAL
MARCH VOLUME VOLUME
1979 mm ml pH ml pH
1 0 0 0
2 0 0 0
3 0 0 0
4 0 Trace Trace
5 0 > 1 0
6 1.0 > 200 3.85 10
7 1.0 > 1 Trace
8 0 250 4,40 100 4,20
9 0 10 0
10 0 50 0
11 0 Trace Trace
12 0 Trace Trace
13 0 Trace Trace
14 0 Trace Trace
15 0.2 0 0
16 0 150 4,20 60 4,20
17 0 0 250 4.15
18 0 0 0
19 0 0 0
20 0 Trace Trace
21 0 150 5.20 120 4.75
22 O Trace 0
23 0 Trace 200
24 0 Trace
25 0 Trace l
26 0 Trace 9250 4,15
27 0 Trace 2200 4.10
28 0 Trace 750 4.15
29 0 0 0
30 0 0 Trace
31 0 30 0
7 810
Total 2.2 Y Overflow 12,940
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LEACHATE FROM COAL WASTE AND LOW GRADE COAL PILES

TABLE 3-12 (Cont'd)

DATE RAIN COALY WASTE LOW GRADE COAL
APRIL VOLUME VOLUME
1979 mn ml pH ml pH
1 0 0 :
2 * Trace B
3 0 0 150 4,10
4 0.8 0 2100 3.95
5 0 0 1200 4,00
6 0.6 0 1150 3.90
7 0.4 0 850 4,05
8 0 0 850 3.85
9 0.8 0 650 3.85
10 0.6 0 700 3.80
11 * 0 3
12 0 0
13 0 0
14 0 0
15 0 0
16 2,2 0
17 2.4 0
18 0.8 0
19 1.0 0 4400 -
20 0 0 :
21 o 0 250 3.85
22 0 0 200 3.80
23 0 0 200 3.80
24 0 0 150 3.80
25 0 0 150 3.90
26 0 0 150 3.95
27 0 0 130 3.90
28 0 0 :
29 0 0
30 Trace 0 330 3.80
Total 9.6 Trace 13,610
*snow
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TABLE 3-12 (Cont'd)

LEACHATE FROM COAL WASTE AND LOW GRADE COAL PILES

DATE RATIN COALY WASTE LOW GRADE COAL

MAY VOLUME VOLUME

1979 o al pH ml pH
1 0 0 120 ' 4.05
2 0
3 1.0
4 0.2
5 5.0 150 4.05 340 3.95
6 0.4 Trace 80 3.95
7 0 Trace 50 3.90
8 2.2 0 50 3.90
9 0.6 0 50 3.90

10 0 0 50 3.95

11 0 0 50 3.95

12 0 0 30 3.90

13 0 Trace 30 3.90

14 0 '} 20 3.90

15 0 60 3.80 10

16 0 }

17 0 770 3.90 10

18 0 1500 3.80 Trace

19 0 2350 3.75 Trace

20 0 3760 3.70 0

21 0 3560 3.75 0

22 0 } 0

23 0.4 8550 3.75 0

24 0 3650 3.85 0

25 0 4350 3.75 0

26 0.4 4900 3.75 0

27 0 4600 3.75 0

28 1.0 4410 3.85 0

29 0 4210 3.75 0

30 0 4000 3.75 0

31 Trace 3810 3.80 0

Total 11.2 54,630 890
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TABLE 4-4 - PRECIPITATION AT HAT CREEK AS
AT I. LEHMAN RESIDENCE

MEASURED

MONTH (1979) RAIN (mm) SNOW (cm)
JANUARY 0 42.0
FEBRUARY 0 11.0
MARCH 2.2 3.5
APRIL 9.6 10.5
MAY 11.2 0
JUNE 9.4 0
JULY 16.0 0
AUGUST 42.8 0
SEPTEMBER 14.0 0
OCTOBER 17.8 0
NOVEMBER 0 2
DECEMBER 6.6 53.3

TOTAL: 129.6 122.3
TOTAL PRECIPITATION: 251.9 mm.
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TABLE 3~12 (Cont'd)

LEACHATE FROM COAL WASTE AND LOW GRADE COAL PILES

‘ DATE RAIN COALY WASTE LOW GRADE COAL
JULY VOLUME VOLUME
1979 mm nl pH ml pH

1 8.1 4600 4.05 ¢

2 3.3 4400 4.05 0

3 0 3600 4.00 0

4 1.2 5900 4.05 0

5 1.6 3300 4,00 J

6 0 5510 4,05 100 3.95

7 0 6900 4,10 trace

8 ¢ 6900 4,10 0

9 0 6550 4,10 0
10 1.4 7000 3.95 0
11 0 7400 3.85 0
12 0 6300 3.80 0
13 0 7600 4.05 0
14 0 6800 4,10 0
15 0 7200 4,10 0
16 0 7600 4.10 0
17 0 8300 4,15 0
18 0 7000 4.00 0
19 0 8000 4,20 0
20 0 1750 4.05 0
21 0 7700 4,10 0
22 0 7650 4,05 0
23 0 7650 4.05 0
24 0.4 8550 4.00 0
25 0 8000 4,00 0
26 0 7050 4.05 0
27 0 7450 4,10 0
28 0 8350 4,00 0
29 0 7300 4,10 0
30 0 7300 4,10 0
K3 0 7600 4.10 0

Total |16.0 213,210 100
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LEACHATE FROM COAL WASTE AND LOW GRADE COAL PILES

TABLE 3-12 (Cont'd)

DATE RAIN COALY WASTE LOW GRADE COAL
AUG VOLUME VOLUME
1979 mn ml pH ml pH
l 1] 7800 4.10 0
2 0 8300 4,10 0
3 8.6 7400 4,10 0
4 0 8300 4.10 0
5 0 8800 4,00 0
6 Trace 8400 4.10 0
7 0 8800 4,00 0
8 0 8200 4.00 0
9 0 8000 4.00 0
10 0 8300 4.00 0
11 0 8000 4.00 0
12 0 8400 4.00 0
13 0 8600 3.95 0
14 1.2 8750 4,00 0
15 0.2 8850 4,00 0
16 2.2 7900 4,00 0
17 1.0 8900 4.05 0
18 0 8650 4.05 0
19 2.0 9400 4.05 0
20 0 8000 4,05 0
21 1.0 8000 4,00 0
22 0 8800 4,00 0
23 Trace 8450 4,05 0
24 5.8 9300 4,05 0
25 20.8 8450 4.00 0
26 0 +1700 4,00 >12,500 3.90
27 0 8450 4.00 3,750 3.90
28 0 8550 4.00 1,700 3.90
29 0 8350 4.05 1,000 3.95
30 0 9000 4.00 650 3.85
31 0 8800 4.05 600 3,90
Total 42.8 +256,600 » 20,200
+Overflow ?> Overflow
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TABLE 3-12 (Comt'd)

LEACHATE FROM COAL WASTE AND LOW GRADE COAL PILES

DATE | RAIN COALY WASTE LOW GRADE COAL
SEPT. VOLUME VOLUME
1979 mn mt pH ml pH
1 o 8950 4.00 500 3.90
2 0 6900 4,00 350 3.90
3 0 9550 4,00 200 3,90
& 0 7900 4.00 120 3.90
5 0 8400 4,00 100 3,90
6 0 8150 3.95 50 4.10
7 0 8000 4,05 30 3,95
g l112.8 8100 4.00 1900 3.90
9 0 7800 4.05 2000 3.95
10 0.6 7950 3.95 1350 3.90
11 0 7800 4,00 900 3.90
12 0 8050 4,05 700 3,85
13 0 8000 4,00 500 3.85
14 0 8150 4.00 350 3.90
15 0 8700 4,05 300 4.00
16 0 9550 4.05 250 3.95
17 0 8575 4,05 175 3,90
18 0 7900 4.05 120 3,95
19 0 8150 4,00 90 3.90
20 0 8700 4.00 90 4.00
21 0.6 8550 4,05 60 4,00
22 0 8150 3.95 40
23 0 8050 4,05 25
24 0 8150 4,05 5
25 0 7600 4,00 0
26 0 8100 4,00 0
27 0 8000 4,05 0
28 0 7900 4.00 0
29 0 7900 4,05 0
30 0 8350 4,00 0
Total {14.0 246,025 10,205
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TABLE 3-12 (Cont'd)

LEACHATE FROM COAL WASTE AND LOW GRADE COAL PTLES

DATE RAIN COALY WASTE LOW GRADE COAL
0CT VOLUME VOLUME
1979 mn ml pH ml pH
1 0 8600 4,05 0
2 0 8400 4,05 0
3 0 8450 4,00 0
4 0 7750 4.00 0
5 0 8200 4.05 0
6 Trace 8250 4,00 0
7 0 8250 4,05 0
8 0 8000 4,00 0
9 0 8150 3.90 0
10 0 8250 4,05 0
11 0 8000 4,05 0
12 0 8000 4,05 0
13 0 7700 4.05 0
14 3.2 7400 4,05 0
15 4.8 8200 3.90 0
16 Trace 7650 3.90 100 - 3.85
17 5.2 >Flooded - 630 3.80
18 0 8350 3.90 2250 3.80
19 0 8500 3.90 1000 3.80
20 0 7900 3.80 620 3.80
21 0 7700 3.85 500 3.90
22 Trace 7800 3.85 350 3.90
23 0 7500 3.80 250 3.90
24 3.0 7550 3.80 200 3.90
25 1.6 7550 3.80 180 3.85
26 Trace 6650 3.80 280 3.80
27 0 6900 3.80 300 3.95
28 0 7150 3.85 300 3.90
29 0 6450 3.80 170 3.70
30 0 7600 3.75 240 3.90
i1 0 7750 3.75 160 3.90
Total | 17.8 > 234,600 7550
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TABLE 3-12 (Cont'd)

LEACHATE FROM COAL WASTE AND LOW GRADE COAL PILES

DATE RAIN COALY WASTE LOW GRADE COAL
NOV. VOLUME VOLUME
1979 om ml pH ml pH
1 * 6100 3.75 50 4,10
2 * 5700 3.75 0
3 * 6800 3.75 60 3.75
4 0 6900 3.80 70 3.90
5 0 7250 3.80 100 4,10
6 0 6650 3.70 5 -
7 0 +6900 3.70 0
8 0 +6000 3.70 0
9 0 +6500 3.45 0
10 0 +6000 3.40 0
11 0 +6200 3.55 G
12 0 +1500 3.40 0
13 0 Trace 0
14 0 Trace 0
15 0 Trace 0
16 0 Trace 0
17 * Trace 0
18 * Trace 0
19 0 Trace 0
20 0 0 0
21 0 g 0
22 0 0 0
23 0 Trace 0
24 0 0 0
25 0 0 0
26 0 0 0
27 0 0 0
28 0 0 0
29 0 0 0
30 0 0 0
Total 0.0 +72,500 285
*Snow +Plus Ice
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TABLE 3-12 (Cont'd)

LEACHATE FROM COAL WASTE AND LOW GRADE COAL PILES

DATE RAIN COALY WASTE LOW GRADE COAL
DEC. VOLUME VOLUME
1979 mm ml pH S ' A pH
1 0 0 0
2 * 0 0
3 * 0 0
4 * 0 0
5 0 0
6 0 0
7 0 0
8 0 +950 4.05 0
9 * Trace 0
10 * 0 0
11 0 0 0
12 * 0 0
13 0 3 0
14 *3,0 0
15 * 0
16 0 0
17 Trace 0
18 1.0 0
19 1.6 0
~20 0 0
21 0 5 +200 5.15 0
22 0 Trace 0
23 * 0 0
25 * 0 0
25 0 0 0
26 1.0 0 0
27 0 0 0
28 0 0 0
29 0 0 0
30 0 0 0
31 * 0 0
Total 6.6 +1150 0
*Snow +Plus Ice
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3.7

The results of the coaly waste and low grade leachate
analyses are presented in Table 3-13 and 3-14. The coaly waste
pile had lower concentrations than in 1978 for most of the para-
meters tested except for nickel and fluorine. The higher values
for the 24 May sample are probably due to the initial total thaw
releasing the leachate frozen in the pile over the winter. The
low grade pile had higher levels of most of the parameters in
1979 except for nickel and arsenic. Comparison of the two piles
shows that the coaly waste pile had 200 times the amount of
nitrate-nitrogen as did the low grade pile. Nitrogenous fert-
iliser was put onto the coaly waste pile in the fall of 1978
and had probably contributed to this concentration. The coaly
waste leachate was yellow while the low grade leachate was
colourless. The specific.conductance for both piles were within
the ranges determined in 1978. Field pH tests showed acidic
readings ranging from 3.8 to 4.2 in the low grade pile and from
3.5 to 4.1 in the coaly waste pile.

Hat Creek Coliform Counts

Since 1976, water samples from B.C. Hydro exploration
water supply wells in the Hat Creek area have been sent to the
B.C. Department of Health to check for potability. Further to
these tests, a survey was begun in September 1979 to record coli-
form levels at two sites along Hat Creek. Fecal and total
coliform counts were made to establish background levels in the
creek. Samples were collected from Hat Creek near Hillman house
upstream of the mine site and at Highway 12, just downstream of
the mine site. These studies are to be continued. Table 3-15
shows the 1979 results.

3-48
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TABLE 3-13 - SURFACE WATER - COAl WASTE LEACHATE
Date of SURPACE WATER - COAL WASTE LEACHATE
(mg/L) Sampling
) r::::;::: o, ulinsr $/6/18 23/8/78 21 5 19 % /8198 21/ ﬁ /79
d'“!“ (T) - CATIONS M.J_Innl__mjla..._‘hl‘_‘l Digs. | Total | Dies | Total] Diss | Total
Alumios (a1} 2.9 34 3.3 9.7 2 8.2 ‘ 7.3
Axsenic (&s) . <0,005 | <0.005 §<0.005 | <0,005 0.067 0,007 008
Cadaive (Cd) ko, 005 [<0.01 1400
Calcium (Ca) 760 720 120 200 800 500 460
Chronium {Cr) <0.010 |<0.010 |<0.010 | <0.010 20.04 |<0.02 < 0.02 -
Copper {(Cu) 0.034 | 0.034 | 0.034 | 0.044 o.025 | 0.016 0.012
Fron (Pe) 0.30 J 0.13 0.37 0.38 0.56 0.10 a.09 )’
Laad (M) <01 0,02 <002
Lithium (L1) 0.17 J 019 | 0.13 | 0.24 0.26 | 0.09 .08 »
o] Masmestm o) 580 570 570 550 550 440 £20
_,'-_.. Hercury (8g){ug/1) 0,23 | <0.25] <0.25 1 <0.25 . <0,23 <0.25
0 ¥olybdeoum (Mo) ] 0.052] o006 1 o010
( Wickal (ML) o.0 | s.052) o052 0.098) 9,080 | 0.084
Potassim (K) ) 20 27 12 12
Selentum (5e) <00,003 | <0.003 | <0.003 | <0.00) 46,003 | <0003
Sodium (M) 240 190 190 190 170 10
Strontimm (5r) 1.8 1.5 1.5 3.4 2.3 1.3 1.1
Yapadium (V) 0.042 | 0.033 | 0.018]<0.04 0.23 | 0.020 0.018
Zine (In) 0.057 | 0.089 | 0.089 | 0.1) a.17 | 0a2 0.11
Barylljiwm ' k0, 0003 ‘U.MB
Manganese . ' < 2.4 2.2
Uranium ©.000 00010
Thorium 0.32 0,18




TABLE 3-13 (continued)

"pmn)&m: a animl  ssens 13/8/18 W/ 547 winsml2rsss .
cAL E!I'!m VALDES Disa. | Total | Diss. | Torsd Diss | Total] Diss | Total | Diss jTotal

borom (B) 0.2 | 0.2 } 0.2 | 0.4 o2 | o.2 0.3
Chlocide {C1) 15 15 1 10 5.4 5.5
Fisoride (1) 0.0971 - 10.0% |, ., 0,209 o250
Sulface (30,) 3600 4300 300 | g00 2300 1900

Total-Kjeldahl-
Miczoges (W)

Hitrace-Nicrogen
m’ -H) . . 450 380 420

Nitrica-Nicrogen
(m! e 0.090

Total-Orthophosphate~ .
Thoaphorus (?) ] i k

<0.003 k8,003

limlv::;'l'::;l m‘ <0.003 a.010 40.003 <0.003 0.003

ot-g

cop
yoC 393 430 257 290
Phano ] -

Total derdoess(Caco,) | 4290 4140 4261 108 2900

Total nhunu,(cam,) 56 23 <0.5 <0.5 <0.5

“5
8.0,

E Saturation
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TABLE 3-13 (corftinued)

HISI?IEQ,‘SIM 24/8/79 (27/8/7%

Date of ¢
fampling .

Faramatav

287418 /648
PHVESICAL DATA (wg/L .
pu (uaits) ‘ 5.6 : A3 L a0 | 4 | 30
- v
1fie CamcS
« fom 8 285 0y . 180 H/ 7300 | 2080 | a0 | sun0 5580
frua tﬁn
| {Pg-r 2 Bnita)
«insdizy (WW) . ] 4.0 0 1
Temparature (‘c)
-
Total rasidue 9231 ) 80%7 510
Filtrable Tesidus 2150 8%0 | 3058 7210 6130 6320
Nop—filtrable rasfidue 22 m 39 1300 263 260

Masd zotal rasidus

Pined filcrable residus

Fisad sou-filcrable
ranidus




TABLE 3-14 ~ SURFACE WATER - LOW GRADE COAL LEACHATE

:Ii"-) Paty ’::’ 1o ” - SURFACE WATER - LOV. GRADE COAL LEAQUTE .

Dissoived (B, /s

_Toral = CATIONS Ples | Total
Alumtoas (A1) 6.70 | 1.5
Arasnie (As) . <0,003 <0.001
Cadmium {Cd) <0.01
CGaletum (Cs) F3Ty 350
Chromtwm (Cr) <0.010 J<0.02
Coppar {(Cu) ’ 0.007| o o1
Tronm (Fa) 0.00] o.00
Lead (M) ~ leo.02
Lirhius (L1) 0.% | 0.30
Hagnasiom (Mg) 420 590.

7 Hercury (g)(ug/1) <0.21 <0.25 : ' -
LN" Kolybdenum (Mo) 0.00%

Mickel (ML) 0.16 { 0.056
Potassium (K) 3% 2%
Selenlum (Se) <0.003] 0,003
Sodlum (Wa) : 150 150
Strontiwe ($1) 1.2 2.3
Vanadim (V) 0.006] 4 005
Zine (In) 0.18 | 0.52
Draniue ‘0.00001
Manganssg 2.0
Berylliym <0.0003
Thor dus 0.12
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TABLE 3-14 (continued)

Dace of
(“’L m‘“"
Farameiar
jpisa. (3),Toral (T
ANIONS ,ORCANIC
CALCULATED VALUES

w/4/1

21/8/19)

SURFACE WATES — LO0W GRADE COAL LEACAHATE

Boros (B)

.7

2.3

Chloride (C1)

0.8

1.3

Pluoride {n

0.13

Sulfats (lﬂ‘)

4304

Tocal-Kiskdahl-
Nitrogen (M)

Nigraca-Nisrogen
(%0, -u)

Nisrita-Nitzogen
(Hz )

Total-Oxthophosphate-
Phosphorus {P)

Pissolved-Tocal I'o‘
Phosphorus (P)

0.019

Phasol

Total Hardnesa (r.'acos)

3700

Toral l!lmunlty(ﬂw!)

<0,3

<0.5

Iﬂs

X Saturation




TABLE 3~14 (continued)

=, SURJACK WATEN - LOVIGIADE CAL LEAGUTR
P][g[jg 27/8129

Pasameier

W PUYSICAL DATA (wi/L

Pl (umite) - 4.6 3.9

Spacific Condugcance )
(wahos/cm @ 25° €) 4630 | 5630 :

Trva Celor

{Pt—Co Units)

Tusbidisy (WW) 1

Temperatura (°C)

Total residus

Filtrable vesidue 3400 | ce70

Moa-filirable xeaidus 3 166 )

Fixed total rasidue

Fixad filtrable residue '

75T

Fizsd aco-filcrable
rasidus
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COLIFORM TESTING -

TABLE 3-15

HAT CREEK

HAT CREEK AT HIGHWAY 12

WELL WATER AT
HAT CREEK EXPLORATION OFFICE

HAT CREEK AT HILLMAN HOUSE
TOTAL COLIFORM | FECAL COLIFORM TOTAL COLIFORM | FECAL COLIFORM TOTAL COLIFCRM
1979 MPN/100 ml MPN/100 ml MPN/100 ml MPN/100 ml MPN/100 ml
September 19 33 8 79 79 <2.2
October 14 79 49 27 8 <2.2
November 19 16 16 16 16 <2.2




o

Provincial and international standards recommend
that drinking water should be completely free of organisms.
The results indicate some coliform bacteria contamination
in Hat Creek, thus the water should not be used for a drink-
ing water supply unless it is treated. The levels of coli-
form and fecal coliform bacteria in Hat Creek are typical
of small streams in agricultural areas. The well sample
from near the B.C. Hydro exploration trailer showed no

coliform contamination.
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4.1

AIR QUALITY MONITORING

Suspended Particulates

A network of six high-volume air samplers was established
in 1977 to monitor ambient air suspended particulate levels in the
Hat Creek region. Suspended particulate monitoring was continued
during 1978 and 1979 at five of the six monitoring stations to pro—
vide additional background informationm.

The locations of the monitoring stations are as follows:
Station Number 1 is located along Highway 12, about 10 km from the
mine site. Station Number 2 is located at the junction of the Hat
Creek Road and Highway 12, near -the project office. Station Number
3 was located on top of the pump house at the Hydro camp trailer.
This station was abandoned in 1978 as it was installed for use
during the Bulk Sample Program which was completed. Station Number
4 18 located in Upper Hat Creek at the Milner Ranch. The weather
trailer about 3 km from the mine site is the location of Statiom
Number 5. Station Number 6 is located in Cache Creek.

The results of the 1979 suspended particulate monitoring
programme are presented in Table 4-1 and 4-2. Annual geometric
means for 1978 and 1979 included data from an entire year but in
1977 only data for the months April to December were included.

In 1979 the data recovery was 81.2% slightly lower than
the 86.62 recovery achieved during 1978, The average suspended
particulate levels at all stations iacreased in 1979 compared to
the 1978 results. Overall the average levels recorded in 1978
were 88 percent higher. This was probably due to the low levels



HAT CREEX PROJECT ENVIRONMENTAL PROGRAMME

TABLE 4-1

AMBIENT AIR QUALITY MONITORING

24-Hour Suspended Particulate Concentrations (Hi~Volume Sampler) in ug/m3

STATION STATION
1979 1] 2 3| 4 5 6 |197° 1 2 3] 4 5 6
Jan. 3| *| 3 7 x| o+ louy 2] 8| = 9 | 4| 48

9| = | = 7 P 8 71 11 10| 7 *
15| *| +# 6 | 7 * % x| 11 10| 16| 42
21| 4| 4 30 2 | =% 20| 19| * 36 | *| 71
27| 8| 11 6 | 6 | =* 26| 22| % 32 * | 76
e, 2 16 & 5T 2% % |Aug. 1 71 T T
8| 8| a 5 1 4 | % 7 ®1 27 200 13| 60
16| 11| 44 7 1 5 | = 13] 371 o8 s9 | 28] 73
0] 17| 2 3 x| w 19 10| 10 9 7| 30
26| 15 16 16 | * | =% 25| 8 * x| 81 48
Mar. 4| 18 | 18 17 * 179 31 w] % 59 131 70
10] 16| 19 20 | 14 * [Sept 6| 81 27 33 19
16| 17| 28 19 | 12 | 87 12 9| 23 18 | 10| 116
22| 10| * 11 6 | 67 18| 20| 45 40 | 20| 36
28] 11| 12 21 | 10 | 87 24 *| 5] 27 | 27 *
aor 3] 81 9 18 | 5 | 44 30| 8 9 10| s *
ol 4| 4 7 3 | 25 [Occ. 61 131 27 38T 22 |
15| 16 | 7 8 | & | 27 12| *] s3 40 | 25 | 132
21| 81 19 « | 8 | 3 18 7 7 9 9 | 52
27| 18 | 26 * | 36 | 76 | 7| 1 8 9| 60
Way 3] 37 1 10 * 1 8 | 68 30| x| 20 16 9 | 109
o 13 12 « | % | 30 [Nov. s T 19 ] 12 1 123
150 211 38 * | 21 |115 11 x| 22 13( 12| 91
21| T+ | 36 29 | "6 | 60 17| *1 o 61 6| 67
27| 41| 32 15 | 19 | 32 23| 13| 19 g! 6| 80
Jone 2] 11 ] * I I 20 | 17| 40 16 | 10 | 146
8| 15 | 49 33 | 14 | 58 [Dec. 5| 3| 2 12 ] 2| 36
4] 15 | 24 26 | 31 | 40 11 2| 3 5] 5| e8
20] 15 | 15 20 | 65 | so 17 61 2 2| 2| 24
26 44 | 30 7 | 33 | 717 23| 4| 3 3| 51 42
{ 29 4 3 3 3 *
* = NO DATA
TOTAL NO. OF OBSERVATIONS 61 | 61 61 | 61| 6l
TOTAL NO. OF VALID OBSERVATIONS 47 | 52 53 | 52 | 44
MAXTMUM 24-HOUR CONCENTRATION 44 | 98 59 | 65 | 146
GEOMETRIC MEAN CONCENTRATION 11.2 |14.1 12.6 | 9.5 |57.7

4=2
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TABLE 4-2

AMBIENT AIR QUALITY MONITORING

Summary of 1977 to 1979 24-Hour Suspended Particulate Concentrations (Hi-Volume Sampler)

Station 2 ~ Valley Junction

Station 4 - Milner Ranch
‘ Cache Creek

STATION | NO. OF VALID Number of Observations in Range (Data in ng/m3) GEOMETRIC
NO. and | OBSERVATIONS - MEAN -
YEAR (% of Total)} 0-20{ 21-40] 41-60| 61-80| 81-100| 101-120| 121-140{ 141-160} >150| 161-200| >200 l-lg/m3
1977 38 (73) 33 5 9.2
111978 57 (93) 35 3 8.4
1979 47 (77) 41 4 2 11,2
1977 36 (67) 19 6 7 3 1 21.0
2]1978 58 (95) 43 13 2 11.4
1979 52 (85) 31 14 5 1 1 14.1
1977 23 (50) 14 7 2 17.2
3 1978 | Discontinued
1977 | 33 (79) 28 9.6
4| 1978 53 (87) 47 1 6.6
1979 53 (87) 39 12 12.6
1977 22 (96) 21 1 7.6
511978 51 (84) 46 4 1 8.6
1979 52 (85) 41 10 1 9.5
1977 35 (70) 14 8 4 1 37.3
6] 1978 45 (74) 17 10 5 1 40.7
1979 44 (72) 10 11 13 3 2 1 57.7
Station 1 - Highway 12 Station 3 - B.C. Hydro Camp Station 5 - Weather Trailer

Station 6 - B.C. Hydro District Office,




4.2

of precipitation, 251 mm (9.9 inches), that occurred during
1979. During 1979 the Waste Managemeunt Branch (WMB) (formerly
Pollution Control Branch (PCB)) 24-hour average objective of
150 ug/m3 and the annual geometric mean objective of 60 pg/m3
were met at all monitoring stations. At most stations sus-
pended particulate levels were very low, At the B.C. Hydro
District Office in Cache Creek the annual geometric mean of
57.7 ug/m?® was only slightly below the provincial ambient
objective. However, this wvalue may have been somewhat biased
as no data were obtained during January and February when sus-
pended particulate levels tend to be relatively low.

Weather Stations

In 1974 eight weather stations were established in the
Hat Creek area to continuously monitor, wind run, wind direction,
temperature and humidity. The locations of these eight stations
are shown in Figure 4-1. The station coordinates and elevatioms
and a complete list of the parameters monitored are given in
Table 4-3.

During 1979 data collection was continued at most of these
stations. Station No. 5 at the airstrip was shutdowm in October
1977, Stations nos. 4,7 and 8 were shut down in May 1979. These
weather parameters are also monitored at the plant site, valley
trailer and mobile air quality stations. This data is being
reduced and put into computer storage by the Environmental Services

Section, Operations Group.

4=t
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4.3

Ambient Air Characteristics

In 1977 a programme was Initiated to measure physical
and chemical characteristics of the ambient air in the vicinity
of Hat Creek. Four monitoring locations were established; the
valley station is located at weather station No. 5, shown in
Figure 4-1; the moblle station 1s located in Cache Creek in the
Bydro yard; the mountain station is located atop Pavillion
Mountain at weather station No. 8; and the plant station is
located at weather station No. 7, showmn in Figure 4~1, A 100 m
tower is located at the plant station and some variables are
meagured both at ground level or 10 m and at 100 m,

The variables monitored at these locations are shown in
Table 4=3. The results of this detailed monitoring are reported

to B.C. Hydro monthly by Western Research and Development.

Precipitation data collected at the I. Lehman ranch during
1979 are presented in Table é-4.

4=-6




TABLE 4-4 - PRECIPITATION AT HAT CREEK AS
AT I. LEHMAN RESIDENCE

MEASURED

MONTH (1979) RAIN (mm) SNOW (cm)
JANUARY 0 42.0
FEBRUARY 0 11.0
MARCH 2.2 3.5
APRIL 9.6 10.5
MAY 11.2 0
JUNE 9.4 0
JULY 16.0 0
AUGUST 42.8 0
SEPTEMBER 14.0 0
OCTOBER 17.8 0
NOVEMBER 0 2
DECEMBER 6.6 53.3

TOTAL: 129.6 122.3
TOTAL PRECIPITATION: 251.9 mm.

4~7




5.0

3.1

ENVIRONMENTAL TRACE ELEMENT STUDIES

Introduction

In October 1976 a study was conducted to determine
trace element concentrations naturally present in the terres—
trial and aquatic enviromments in the vicinity of Hat Creek.
Seven materials were analysed including: water, sediments and
fish at twe locations in Hat Creek and at two locations in the
Bonaparte River: and soils, shrubs, grasses, lichen and small
mammals at five terrestrial sfites. This study was conducted
for B.C. Hydro by Environmental Research and Techmnology, Inec.
(ERT) Santa Barbara, California,® In the October 1976 survey
three samples of each material were collected from the sampling
sites, In January and May 1977 single samples of each material
were collected from the sampling sites.

The results of the 1976 and 1977 studies are reported
by ERT in the report entitled "Air Quality and Climate Effects
of the Proposed Hat Creek Project, Appendix F, The Influence
of the Project on Trace Elements in the Ecosystem", document
P=507=F=F, July 1978.% Most of the analyses showed normal levels
of trace elements in the Hat Creek receptors tested. However, the
concentrations of some elemepts, particularly fluorine and tin,
were found to be considerably greater than the levels normally
present in natural environments. The ERT report coutained no

additional studies be conducted to provide additional data to
enable the design of a valid trace element monitoring programme.
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In October 1978 further trace element studies were
conducted to provide additional data and to verify the earlier
data. These results have been reported in the 1978 Environmmental

Field Programmes report.

In May 1979, Acres Consulting Services Limited were
retained by B.C. Hydro to collect samples from the five terres-
trial sampling sites established by ERT. Samples of soils,
shrubs, grasses and lichen were collected. The aquatic sites
were not sampled because the terrestrisal sites showed the
greatest variations and considerable data has been developed on
surface water quality in Hat Creek and the Bonaparte River.
Small manrmals were not sampled because of the difficulty in
obtaining samples. The samples were prepared and analysed by
Chemex Labs Ltd., North Vancouver.

A description of the May 1979 sampling programme and a

brief discussion of the results are presented in this section
of the report.

5.2 Sampling Sites

The five terrestrial sampling sites established and
described by ERT are as follows:

Site Elevation Slope

Number Name (feet) (degrees) Aspect
1 Pavilion Mountain 6,853 20 to 25 SE

2 Lower Hat Creek 2,460 10 W
3 Arrowstone Creek 4,920 20 WSW
4 Cornwall Mountain 6,678 10 NW

5 Ashcroft 4,150 10 to 20 W

5-2
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The exact locations of these sites were not specified
by ERT, however, approximate locations were indicated on a
1:250,000 map. It was not possible to identify any of the
original 100 m2 sites, therefore new sites, which closely
approximate the above conditions, were selected during the 1978
sampling programme. These sites were marked with a metal stake

which had yellow tape or a yellow flag omn it.

The locations of the Ashcroft and Lower Hat Creek sample
sites have been slightly modified in the May 1979 sampling pro-
gramme. The sampling sites, which are indicated in Figure 5-1

can be reached as follows:

Site #1 - Pavilion Mountain

Follow Highway 12 west from Highway 97 until just past
Pavilion Lake. Turn right at Milkranch Creek onto a dirt road
that goes through an Indian reserve. This road is maintained
by B.C. Telephone Company for the microwave station. Just past
the station, follow the southeast fork in the road to the end,
approximately 800 metres. These roads are not indicated on the
government topographical maps but are shown on the map included
in this report. Photo 1 illustrates the typical vegetative cover

at the site.

PHOTO 1

it



Site #2 - Lower Hat Creek

A new location for the sampling site was selected for
the Lower Hat Creek trace element studies. This site more
closely approximates the conditions as described by ERT. 1In

addition, the new location offers easier access,

The sampling site can be reached as follows: Follow
Highway 12 west from Highway 97 to the gravel pit located at
1.6 kilometers from the eastern end of Bonaparte Indian reserve
#2. A dirt road to the north is located at this point. Follow
this road through the gravel pit and up a hill until an elevation
of 2460' (725m) is reached. From here walk in a north east
direction up the side slope to an elevation of 750m. The sam-
pling site is identified by 3 stakes marked with yellow flagging.
This site has a slope of 10 - 159 with 220° south west facing

aspect. This site is shown in Photo 2.

PHOTO 2
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Site #3 - Arrowstone Creek

Follow Highway 97 north from Cache Creek to Bonaparte
Indian Reserve #3A. Turn right (north east) onto a gravel
road about halfway through the reserve. Follow this road
(which is indicated as a '"cart track" on the government top-
ographical map) past the transformer station to a very sharp
curve in the road at a road elevation of 4,850 feet. There
is also a forest service marker on a tree on the east side of
the road at this point. From this point on the road the site

is about 200 metres to the northwest.

Site #4 - Cornwall Mountain

This location can be reached from the Hat Creek site
or from Highway 1 just south of Ashcroft. The road is gravel
and well maintained as there is a forest lookout station at the
top. The sample site is about 50 to 75 metres southwest of the

lookout. This site which faces northwest is shown in Photo 3.

PHOTO 3
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Site #5 - Ashcroft

The Ashcroft sampling site has been relocated. The

new site can be reached as follows: Follow paved road south

from Ashcroft about

12 km. At this peoint there is a gravel

bit on the northeast side of the road and a sharp bend in the

paved road. Follow this dirt road for a distance of 2.0 to

2.5 km (from gate).

The roadside elevation should be approx-

imately 4250' (1265m). Yellow flagging on several trees at

this point indicate

the direction to walk in towards the sample

site. Walk in a south easterly direction {follow the yellow

flagging) about 200

- 300 m. A small creek must be crossed

in order to reach the sample site which is marked by a stake

with yellow flagging. The sampling site is located in the

same general area as last years location and has identical

slope, aspect and elevation characteristics, i.e. Aspect 2759 N;

Slope 100,

Sample Collection

Samples were collected from Site #1 on May 28, 1979,
from Sites #2 and #4 on May 29, from Site #3 on May 30 and

from site #5 on May

sampling sites were

Site #1 -
Site #2 -
Site #3 -

Site #4
and #5 -

31. The weather conditions at the different

as follows:

Snow flurries and strong wind. Lightning.
Sunny and warm with the occasional light shower.

Sunny and warm with a slight breeze.

Sunny with éloudy periods & a warm breeze.
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Three samples of each material (grass, willow, lichen
and soil) were collected at each site, except at the Cornwall
Mountain site where no grass samples were collected. Due to
the northwest facing aspect of this sampling site there was much
snow cover in the area and grass was unavailable for sample

collection.

The sampling locations at each site were chosen in a
random manner by using a random numbers chart to determine
direction from a central point. Initially, random distances
from the central point were to be utilised, however, due to the
low abundance of the lichen and willow specimens, this method
could not be employed. All samples were collected along a ran-
dom direction in degrees from magnetic north until sufficient
quantities were accumulated., The distance from the central
points ranged from I to 30 metres depending on sample avail-
ability.

Central points are marked with metal stakes with a yellow
tape. At three sites (Pavilion Mountain, Cornwall Mountain and
Arrowstone Creek), fluorescent purple stakes were driven into the
ground in order to assist in location of the random directioms.
These spikes are located within 4 to 6 metres of the central stake

and are not indicators of random distances,

The sampler, wearing plastic gloves and using acid-washed
(10% HNO3) stainless steel scissors, clipped the vegetative samples.
Grass was cut 3 to 5 cm above the soil; willow was sampled by cutting
ends of branches less tham 30 cm in length. Lichens were picked from

trees.
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As much as possible (up to 200 g) of each sample was
collected. However, it was not possible in some areas to collect
the specified 200 g due to time and/or a low abundance of the
specimen, Samples were placed directly into labelled white paper

bags then double bagged and sent to Vancouver to be analysed.

Soil samples were collected from the top 5 cm using an
acid-washed stainless steel knife and plastic trowel. A minimum
of 200 g of each soil sample was collected. Soil samples were
placed into labelled, heavy plastic bags and sent to B.C. Hydro,
Vancouver, B.C. Different species of shrub willow were noted in
the five sites. No attempt was made to identify and segregate
the species. The samples collected probably included more than
one species. Shrub willow at the Cornwall Mountain and Pavilion
Mountain sites exhibited buds while at the three lower elevation
gsites the willows had leaves. Willow plants at the Pavilion
Mountain site are shown in Photo 5,

5-8
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At the higher elevation sites it was not possible to
be absolutely certain of the identification of the Bluebunch
Wheatgrass. At this time of year the grasses are dormant and
only at the Lower Hat Creek location (Site #2) was positive
identification made. Grass samples from the other sites may be
a composite of grass species. A typical grass sample collection

site is shown in Photo 6.

Lichen samples were collected from trees as shown in

Photo 7.

PHOTO 7




5.4

Analytical Results and Discussion

The same analytical techniqueg were used in 1979 as
in 1978. The results of the trace element analyses are shown
in Table 5~} to 5-4. The values in colummns 1,2, and 3 repre-
sent, in most cases, the average of duplicate analyses for the
three samples of each material collected. Blind triplicate
analyses are reported in the triplicate columns (i.e.
1/2/2/2/3/4/5).

In 1979 the concentrations of most of the trace elements
in each of the four materials were similar to the levels found
in 1978. The 1979, chromium and fluorine concentrations were
slightly lower and copper slightly higher in the grass samples.

In the lichens mercury was the only element that showed
a decrease in concentration. ‘The ragults of the willow analyses
show that fluorine levels were lower in 1979, There were lower
levels of boron in the soils im 1979 than in 1978.

Overall, these differences were small and the values were
all within the normal range found in natural enviromnments.

A number of 1978 samples werae reanalysed for quality
control in the 1979 testing. Results are shown in Table 5-5.
With the exception of mercury, the agreement between 1978 and
1979 values for the 1978 samplés is good.
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TABLE 5 - 1 - HAT CREEK TRACE ELEHENT ANALYSES - GRASSES

Element PAVILION NOINTAIN CORMWALL  MOUNTAIN ARROMSTONE CREEK LOWER BAT CREEK + ASHCROVT +
ng/kg 1 1 | 2 3 5 [ETE] [ - 1 F 3 [ 3 1 2 3 4 5 1 2 2 A 5
AB 0.8 B.5 0.5 0.5 - 0.5 ] <0.5 =& 0.23 | <0.5 <0.% | <0.5 ]<0.5 0.4 <0,% 0.8 0.5 Jo.5[ 1.8} 9.5 - 0.5] 0.5 0.33] 4.5
Be 0.02 | 0.03| 0.02] 0.02 - «0.17 0.02# - .17 0.0379 0.02| o0.02 | 0.0z [«0.02| o.022] 0.02] 0.03 0.01# 1].23# 0.023) - 6.02{ 0.02] &.2 8.027
B 10.95 {12.95| 13,25| 9.05 14.0 2,67 7.471 - 5.0 2.1 4.7 5.25 ] 5.05 ) 2.33| 5.1 T.150 8.4 | 7.9 3.0 ] 13.24 ] 9.2 | 8.45 7.55] 2.33] 16.4
cd <0.1 |<0.1 [ <0.1 § <0.1 - f<0.27y<0.3 | - { <6.3 0.85 | <01 J<0.1 [<0.1 }<0.3 J<0.1 J<0.1 | 0.1 Jo.k [.33] @01 - ol 01| w3 <01
Cr 0.6 1.0 0.6 [(17.5) - 3.67| 2.1 - <.l 6.45 1.0 0.8 0.9 3.67 z.4 0.6 1.9 10.7] 8.33] 31.76 - 0.8 ] D.65] 6.67] 1.47
Co <).08 [<0.081 G.i10| <0.08 - 0,23} <0.05 ] ~ <0.2 0.25 0.08] 0.54 ] 0.12 | <«0.27] 0.3 0,08] 0.14}0.100 ©0.53f <0.12 - .08} ©V.08] 0.3 <0.04
Cu 3.5 4.0 3.5 5.0 - 5.33] 2.7 - 4,67 3.5 1.5 6.0 5.5 6.33] 3.0 5.0 3.0 15.0113.67] 2.4 - 5.0] 6.0 6.62] 2.3
¥ 1.9 2.4 2.2 2.0 1.9 29 <10 - 14 <10 <1 <1 <1 22 <10 2.0 2.5 | 3.4 |24.0 | <100 <.0| 1.2 ] 1.0 | 13.33]| 10.0
Fe 135 95 142.5] 145 - 102 ?9.1 - 152 352 147.5f 115 110 230 62 &12.5 200 } 1551208 {208.6 - 160.0 }|60.0 J210.0 | 51.3
b t.0 2.0 L.5 2.0 - <& <1 - <k «1.3 3.5 2.0 1.0 | <4 <1 i 1 1.5 <21.7 1.2 - LO] 1.5 ] % |
Hg 0.035] 0,06| 0.1 .05 0.875] 0,191 0.1] - 0.12 0.14 0.1 0.075 0.09% 0.18] 0.09| 0.09] 0,029 0.05 06.12 | 0.07 0.06] 0.06) 0.06] 0.08] 0.07
Mo <q <1 i 1 - 5 <1 - [ <1 [ k) 3 6.33] «<1.6 1 2 2 1 < - 4.5 ] 3.5 403 2.17
Se <0,2 [<0.2 | <0.2 } <0.2 - <2,23] <0.2 - <0,93 | «<0.2 <0.2 ]<0.2 }«0.2 |<«<3.33} <0.2 0.2 0.6 J0.3|12,3 |90.2 - | 90.2 190.2 | 6$.67] 0.2
14 15.0 |18.0 | 16,5 | 10.5 - 19.0 | 16.7 - 3.3 7.4 8.0 | 24.5 124.5 9.0 §39.3 [30.5] 37.5 M4a.505.7 ]67.8 - 3 119.5 § 21.3 30
Sa <1 a < ja - jws3fa - Jaz la «a {a ]9 u.0 <1 4 4 4 i la - ja |4 161 | 4
[} <01 {<0.1 | <0.1 [ <0.1 «<0.1 1<0.87} <b.} - 10.'3! 0.1 0.1 | «<0.} }<0.) «1.3 | <0.1 a.1 9.1 |1 K.3]) |0.} 9.} 9.1 j0.1 <1.67] 0.1
v <0.8 }]<0.8 0.8 0.8 - 0.43] 0.47] - 0.8 0.5 G.8 c.8 0.8 |«0,27] 0.73] 0.8 0.8 o.8]1.6 1.36 - 0.8 0.8 0.67] 0.6 -
20 25,5 29,3 | 19.6.1 19,0 - J2oafars | - §357 jese (210 [27.0 210 J16.0 | 21.0 | 26 22 pe.spiy {z0.2 - |2 s ] v

Column 5 1978 average

Column & 1976 averaga

* Ko grass on site

t New Sampling location

) Data in brackets suspect
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TABLE 5-2 - HAT CREEK TRACE ELEMENT ANALYSES - LICHENS

Element PAVILION MOUNTAIN CORNWALL MOUNTAIN ARROWSTONE CREEK TOWER HAT CREER. +° ASHCROFT ¢+
mg/kg i 2 3l 4 5 1 2 3 4 5 1 2 3 k] k] [ |3 1 2 3 4 5 1 2 3 4 5
As Q.5 1.5 | L.5 |0.63] 0.58 1.5 1.5 1.3 0.93) 0.67 | 0.5 ] <0.5 | <0.5 0.5 0.5 | 1.2 |0.58 1.5 1.0 2.0: 1.37] 0.5 1.5 2.0 1.5 0.73| 0.92
Be 0.03| 0.03] 0.02K0.2 | 0.032 ¢.03] 0.03] 0.03] <0.2 0.047] 0.02] 0.02] ¢.02| 0.02] 0.02]<0.2 |0.045 0.04] 0.03] 0.06] <0.23] 0.051| 0.02| 0.02§ 0.02]| <0.2 0.04
B 10.457 7.75] 5.1 | 1.57] 5.8 3.25) 5.0 | s.05] 1.83] 3.57 | 6.8 8.45] #.65] 5.2 | b5.45] 2.57]5.5 11,05} 4.75] 4.45| 1.8.[12.82 | 6.45] S5.2 | 7.75| 2.27]| 4.4
cd 0.3 0.3 | 0.3 [0.33]<0.1 0.2 | 0.3 0.7 ]<0.3 0.25 § 0.1 0.l 0.1 0.1 0.1 }<0.3310.1 0.15] 0.2 | <0.t. | <0.4 | <0.1 0.3 0.3 0.2 | «<0.33] 0.1
Cr 1.3 2.1 1.6 | 5.67| 1.92 .3 ] 2.3 2.2 5.0 2.37 | NsS 1.2 1.8 1.8 i.4 [11.33(1.58 1.8 4135: 3.4 9.6?" 4.53{1.9 1.2 1.3 7 2.63
Co 0.26| 0.46| 0.34<1.2 | 0.33 0.4 | 0.4z} o0.52| 2.0) 0.37 | mss | 0.2 ] 0.32] o0.26] o0.31] 0.93}{0.34 o.58| o0.66| 0.46] 1.83| 0.5 | 0.36] 0.32] 0.36 | <t.57 0.34
Cu 4.5 | 5.0] 5.0 hz.0 | 4.0 .51 5.0 3.0 |16.33] 2.3 [s5.5} 5.5 6.0 | 7.0 6.5 ] 8.67f7.0 16 15.5 | 18.5° 9.67f 7.2 |19 1 {2 32.33] 22.67
F 2.9 6.6 | 4.% l16.0 |<10.0 6.5 | 0.8 6.7 | 46.67|<10.0 3.2 3.0 4.1 4.6 4.3 |49.0 k10 8.1 10.8 13.3'] 157 | <to 4.4 4.2 4.3 |52 <10 ’
Fe 393 625 { 510 |573 475 780 | 8%0 620 g7 703 290 320 485 550 470 | 393 432 150§ 1450 | 1600 | 570 | 789 408 485 [|532.5 | 443 434
Pb 16 19.5 |13.5 [29.33] 17.83 21 23.5 13.5 14.67] 21.83 {12.5 11.5 | 14.5 | 17.0 | 15.5 17.61 14 29 3l 35 :,. 53.33| 21.8 | 17.53}) 2.5 15.5 | 36.67| 19.67
'|Jll Hg 0.46] 0.65 0.50} 0.58] 1.35 0.50] 0.60] 0.58]| 0.56] i1.69 | 0.34 0.44] 0.55] O0.46| 0.45] 0.48] 1.464 0.45] 0.46 0.&5_ 0.25' 0.67 | 0.35] 0.41 ] 0.45]| 0.47 1.02.
;:; Mo <l 1 <1 4.7 <1 <1 <1 1 8 <1 1 2 1 <1 <1 4,3 1 H 1 1 5.7.1< H 3 <l 4.3 | «1
Se <0.2 0.2 |<0.2 [<1.07] <0.2 0.2 0.2 <0.2 | <0.67| <0.2 [<0.2 | <0.2 | <0.2 | <D.2 | <0,2 |<},17k0.2 0.2 0.3 0.2 <l.47.. .2 0.2 0.2 | <0.2 | <1.1 <0.2
Sr 6.5 ] 6 14.3 7.17 3 4.5 [] 19 [ 8.3 8.5 ] 10,0 J10.5 | 10.5% | 46 | 12.83] 14,5 |17 13 29 . 9.2 |i1.3 1o 20.5 { 23.7 L6
sn - <1 1 |« P38l ]|« 1 Jet <1 s |« <1 <1 <1 <1 ] <1 [>354 it <1 <1 < | = <) i 1 <1 238 |«
" ’ v 0.1 | <0.1 |<0.1 Fei <0. 1 <0.1 f<0.1 | 0.1 ki <0.1 j<0.1 ] <0.1 ] <0.1 | <8.% | <0.1 {<0,97<0.1 <0,1 [<0.1 | <0.1.} «1.33 cﬁ.l <0.1 i <0.1 <f.1 <1.67 '<o.1
v 1.6 2.8] 2.0 1 2.33] 1.8 2,81 3.6 2.4 3.0 2.6 1.2 1.6 2.4 2.8 2.4 e 2.7 6.8 6.0 6.8 [} . 4.48 | 1.2 27.0 3.2 233 7N
= Zn 29 33 | 32 Jas.a } 30033 29 Jar.s | 39.3 Br.7 4t [31.5 | 32.5 § 38.5 | 37.5°| 35.0 |55.3 ] 35,67 39 39 37.5 | 31 | 28.6 345 | .5 |3z.s |67 24
04 1300 { 1350 {1rse | - | zroo | 1ese Jisso | 1200 | - 2783 Jwss | 1iso § 1ss0 1600 Jyeoo | - Ji1933 ) 2630 2500 | 2500-] - ] 2040 J1e00 | 1900 | 1700 - e

Column 5 1578 average
Column & 1976 average
NSS - Not sufficient sample
t Rew sampling location
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Element PAVILION HOUNTAIN CORMMALL MOURTAIN ARROWSTONE CREEK LOWER HAT CAREK + ASHCROFT +
ng/ka 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 , b 2 2 2 1 4 5 1 2 3 4 H
Fr 0.5 0.3 <0.5 | <0.6 | <0.5 1.0 0.5 0.5 |<0.6 0.5 “0.5 | <0.5% <65 |}<0.37|<0.5 0.8 0.5 0.3 0.5 |«<0.5 ] <0.97] <0.5 0.5 0.5 0.3 | <0.47] <0.3
[ 0.03] o.0t] o.03) <0.13] 0,028 | 0.03 | 0.02] 0.03 | «0.17| 0.027] o0.02} 0.02f o0.02f<0.27] 0.003 f 0,03 0.02 | 0.02] 0.02 | 0.02]| <0.1 | 0.025] 0.02] o0.02] 0.01|<0.1 { 0.023
| 20.45] 14.3 | 15.5 | 10.67} 23.9 {19.05 {16.1 | 19.35)16.67] 15.36 | 10.9 {15.6 | 15.6 {46.672]|04.73 f2n.0 [23.1 | 20.75] 22.085 |21.05] 11.67 38.77 | 24.4 | 23.7 | 26.55| L1 | 20.6
cd 1.45] L9 1.1 | <0.87] 1.78 | 3.8 | 2.3 ] 3.7 |<0.03] 4.24 | <0.1 § 0.1 | <0.1 j<0.3 |<0.1 0.1 [<b.1 | <01 |<0.k | @.F [<0.33] <0.13 | <0.} | 8.1 | <0.1 | «0.47] <0.35
Cc 0.8 ] 0.9 09| 2.0 | 117 |05 o0& ]| 06 ] 3.33] 102} 0.7 | 0.6 08 |9 1.05 J 0o.65}f 0.95| 0.0 | 0.8 | 0.65] 1.67] 1.07| o6 ] 06 }f 0.5 | & 0.85
Co 0,24) 0.20} 0.22] 0.43] 0.21 | 0.4 | 0.18] <0.08]| 0.93} o0.28 ] 0.18]| o0.28| o.08]| & <g,083 ] <0.08 | <0.08 | <0.08] <0.08 [<0.08] 3.93{ <0,06 { 0.08} o0.08] <0.08| 1.43] <0.04
[+"] 3.5 4 [ 100 7 5 1] 4.5 | 10.67} &.2 [ 6.5 6 14.33} 5.3} ¥ ] [ ] 4 8 31.33] 6.5 7 ? 6 .33 7
r 1.5 | 11 1.3 | 263 }<i0 Lé | ws | 1.4 ] w7 10 <Ll | 12 1.2 {8 [0 <1 1.1 } st L1 |<1.1 11 |<0 <1 <} <k 115 <10
Fe 62.5 | 62.5 35 121 | 140 80 15 | 72.5 141 {10 37.5 &0 40 8y 57.3 |55 50 50 b1 37 125 60 1.5 | 62.5 1M N
M 1 1 <1 3.67) 1.87 |1 1 <1 3.0 1.2 1 1 1.5 |43 3 <} 1 <1 <1 1 10 3.5 5.3 1 1.3 3 .83
g 0.04| 0.033f o0.03| 0.07| 0.075| 0.065| 0.06f o0.07] o0.05} 0.083| o.04 | 0.085] o0.06| 0.04| 0.11 | 0.06| 0.025] 0.03| 0.035] o.04| 0.3 | 0.092] 0.04] 0.04| 0.02]| 0.1 | 0.077
L <1 1 <1 5 <1 1 <1 <1 6.67§ <t 3.5 | 2.5 3 <5 <1 <1 1 1 1 [ & <1 1 4 2 3 <1
Sa <0.2 | <0.2 | <0.2 | «0.4 [ «0.2 ]<«0.2 }«0.2 | <8.2 | 0.40§ <0.2 {<0.2 |<0,2 | <0.2 |<0.43]<0.2 0.08| o.o8| 4.1 | 0.95] 0.35§«0.3 | <0.2 | <0.2 |«0.2 | «<D.2 | <0.43] <0.2
5t 33,3 §23.5 1 21.5 | 26.33] 31,17 [10.5 | & 7 §4.33] 33,2 | 56.5 | 46 52 87 [21.5 160 | 198 192 | 168 1172 | 102 } 10479385 |17 165 | 313 J .8
in [} i <f M5 | <1 <l <l «i 398 | <1 <} <l < 61.33 ] <1 <l <1 <l <1 <1 a3 1 <1 =i ] <l | #5.33 <1
v <.k <0t <00 | <07 Jo0.1 <0k f<u.d | <01 §<0.63] <03 f<0.1 F<o.i | 0.8 [<oi93fcon 0.1 [0 § 01 | 0.1 [<0.1 |<0.6 <01 | <0} |0) | <01 |<0.77] <02
v «0.8 | <0.8 0,8 0.27] 0.6 <0.8 0.8 0.8 0.37] 0.6 0.8 0.8 0.8 0.43] 0.67 a.a 0.8 0.8 0.8 0.8 | «0.17]| 0.67 ] <0.8 0.8 4.8 0.22] 0.8
Za 1 13 ] n Wy Ja7.7 | M2 Lden | s ) 303 fa3s.a § 3% 765 | s } es 9.47 ]45.5 | % 3.5 | 35.5 Q36 137 ] n 16 12 |1 m 1”7

Coluan 3 1878 Average

Coluen & 1976 Averaga

t Wev Sampling Location




5-4 = HAT TRA YSE§ -

— PAVILION MOIMTAIN CORMMALL MOUNTATN ARROWATONR CRERK LOWER HAT CREEX + ASHCROFT ¢
sa/ka 1 2 3 A s I 1 1 2 3 4 [1 ! 2 3 4 s 1 2 3 & [ 1 2 3 4 s
A - 3.0 2.5 4.33] 2.9,3 4.3 5.8 6.0 5.5 5.0 5.0 5.2 2.5 2.0 2.0 1.0 1.1 1.4 10,3 85033 1.3 [ 4 4.25 3.8 3.
Ba - 0.6 0.5 0.53] 1.05 0.3 0.4 0.45] 0.1 1.3 <0.331 0.7 1.4 1.05 1.65] 0.3 1,45 1.45] 1.5 1.6 § 0,43 1.85 1.08] 0.9 1,15 | «<0.43 L.
B 5.95] 6.9 7.05 6.31] 11,43 9.45}) i0.5 8.95] 8.4 2.3 Il.1l a.38 2.2 2.63 2.55] 1.0 5.83 5.0 4.95 6,25] 15 16.83 4.8 3.45 3.8 0.67] 1lo.:
cd - 1.1 Q.5 «0.57} G.47 4.1 5.3 6.3 1.6 1.6 <L.13]| 2.68 <0.1 <0.1 «0.1 | <0.03 Q.12 Q.1 0.2 0.2 [<0.83 a.12 0.25%f 0.2 a.1 <0.43 a,!
Cr - a1 14.5 88.31 130.7] 41.3 49 L1 36.5 | 80.5 82.7 | 66.6 [ 80 'll 5% 106 1 11 173 154 | 154 13 123 11 1uz k'] 12!
Co - 15 1] L 13,3 | 1L [ ] 9 10 5 10.5 10.7 4.9 13 13 16 1.3 8.33 | 23,5 8 25.53 )12 16,83 13 12.5 12 2.3 8.1
Cu - 25 27 40.3 | 28,333 21 k- ] 26 20 % 3.3 §19.2 L] 1] i 3.7 16.47 30 4 A8 |50.] 53.7 W 20 20 65 22.!
¥ 57.5 100 70 217 195 107.5) 120 95 445 | 122.5 222 125.2 152.5] 172.5 | 192.5} 43.7 185 70 335 258 | 467 356 195 IW.I 2i2.5) 241
P - 2.28 2.15] »0.1 kY 1.15 1.55} 1.58} 1.2 2.4 0.1 L.13 .23 ll.'ls 3.15 1 »0.§ 1.98 A8 S.18 4.75]>0.1 4.82 2.13] 2.13 2.40 | »0.1 2.4
1] - ] & 10 6,33 9 10 12 1% 16 1.3 ] (2an) U} ] 10 L] 6.5 12 13 13 2.7 9 1 [ L] 3.7 1.l
[ "1 0.11] 0.16 0.16 0.6 | 0,12 0.17 0.15] 0.14] <0.) 0.09 0.09] o.077 0.02 | «0.1 <0.01 0.07 0.055] o0.12] 0.05 0.01] 0.07 0.038] «<0.01 ] 0.03 0.3 0.04 0.1
"o -1 1 1 |« 2 28| 2 2 13 5.0 |« 2 i 1 2a3fa | s | 1.5 |3 <1 <t 1 1 1 <
S - ] <2 7] 2,97 §<1 <} <} <] <} <} <1.27 | <} <} <} <] 2.32 1 «1 <} <] <} 2 <1 <1 <l <} 2.23 ] <1
[ ~ | 147.5 ] 142.5 ] 483 157 80 8.5 | %0 72.5 | 145 202 92.2 no 77.5 | 2% 567 267 (1] 62.5 52.5 | 187 317.5] 3135 e 400 o
Sn - 1«1 1 w7 1 <} <I <] <} 1 5.1 ltl 7! 1 1 ' “ 23.3 «1 1 i 1 24.3 <} 1 1 | 5.7 <1
'] <0.3 .25 0.5 4.3 j.3 | 0.3 0.3 0.5 <0.5 0.75 <3.67 | «<0.5 0.5 a.5 L7310 <ﬂ.!‘ 0.713] 0.3 1.251 4.33 | «0.3 0.3 0.5 0.5 «<2.67 | <0.!
v - | 9.5 92.5% b 1 a8 30 [1] ] 50 e 1% 50 20 0 125 wm ] 193 1925 195 | 278 184 137.5 |132.5 125 253 (31
Za - | i) 12} 16 in 206 1% W05 196 (1) 220 136 121 &0 101 226 16 137 | 142 140 | 92 144 141 145 110 a2 15¢

Column 5 1978 Avarage

Coluam & 1976 Avarage

t New Sampling Locstion

Q) Daga in brackets swapact



The 1979 mercury levels. in the 1978 lichen samples
were consistently lower than the levels determined last year.
A series of checks were instituted: testing the National
Bureau of Standards (NBS) Orchard lLeaves, adding a spike to a
sample before digestion, and repeating analyses for several
samples. Results are presented in Table 5-6. Because of the
good replication, the complete apike recovery, and the excellent
NBS values obtained, the new mercury levels for the 1978 lichen
samples appears to be corraect. The lower values obtained this
year most likely reflect volatility losses from the powerdered
samples over the year in storage,
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TABLE 5-5 ~ QUALITY CONTROL RESULTS *

SAMPLE| SAMPLE 1979 1978
Sn F Hg B U Sn F Kg B U
NUMBER mg/kg | mg/kg | ug/kg |mg/kg | mg/kg || mg/kg | mg/kg | ug/kg | mg/kg | mg/kg
78-15 | SOIL 1 1 70 | 16.3| 0.1 1 10 50 | 16.3| 0.1
-16 1 1 70 1 10 65
-28 | WILLOW 1 18.7 1 14.8
-32 1 50 0.1 1 10| 100 0.1
-33 9.0 50 10 60
~43 1 6.5| 0.1 1 4.6 0.1
-48 | LICHEN 6.2 310 15.4| 0.1 10| 900 | 11.9| 0.1
~51 2.4] 310 10| 500
KBS ORCHARD
LEAVES:
ACTUAL 150
CERTIFIED [155%15
TABLE 5-6 - MERCURY LEVELS IN LICHEN SAMPLES *
SAMPLE NO. 1979 - ug/kg 1978 - pg/kg
78 - 39 560 2200
- 43 480 1100
- 48 310, 370, 380, 300, 310 900
- 48 (+200 ppb SPIKE) 560, 570 -
- 51 240, 230 520
NBS 1571 150, 150, 150 (certified value 155*15)

* Samples collected and analysed in 1978 and reanalysed in 1979.
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